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ABSTRACT 
In the present work, the seasonal dynamics of two selected 
floating aquatic plants namely Lemna minor and Spirodela pohjrrhiza have 
been studied as the indicator of eutrophication in response to nutrient 
enrichment of a selected pond. The Lai Diggi Pond located near the 
southern side of main University Campus (AMU) was selected for the 
present study. This pond is rainfed and has a horticulture park of Uttar 
Pradesh Government as its main catchment. The nutrient enrichment in 
this pond is mainly caused by the unloading of its catchment area 
spread over several hectares. The nutrient enrichment takes place 
during monsoon season. But despite nutrient unloading through 
washout in monsoon, the size of the water body also swells several 
times and thus the concentration remains low. The pond has a relatively 
porous bottom and, therefore the water percolates down and a part is 
evaporated. This results into consistent decrease in the total size of 
water body. The water body shows occasional minor increase or 
decrease with occasional rains in post monsoon seasons. However, 
during next few months after monsoon, the size of water body usually 
decreases to a noticeable extent and in turn, the nutrient concentration 
increases considerably. The two selected duckweeds are known to be 
good indicators of euti'ophication state and therefore, their seasonal 
dynamics including population, productivity together with prevailing 
water qualities (selected parameters) were studied at monthly intervals. 
The qualitative and quantitative changes in the growth of two selected 
duckweeds were also studied. The studies showed interesting results in 
varying months. The growth of selected duckweeds and some other 
aquatic plants showed seasonal variation in their response. In the said 
horticulture park (called as Jawahar Park) the three major nutrients 
(urea as nitrogen source, single super phosphate or SSP as phosphorus 
source and potash as source of potassium) are used as fertilizers for 
nurseries, orchards and lawns etc. The combination of the three 
nuhients in varying proportions promote the plant growth to varying 
degrees. The three nutrients in the present study (used in varying 
concentrations) have been noted to influence the population growth of 
duckweeds either adversely or favourably depending upon the 
prevailing atmospheric factors. 
The experiments were conducted in small earthen pots of 19 L 
capacity (containing 15 L -of nutrient solution) and in small polyvinyl 
cups to study the degree of variation in the responses of two selected 
duckweeds to varying proportions of the three nutrients (in quantities 
and proportion of their use and application). 
The experiments conducted in small polyvinyl cups revealed a 
direct relationship with the nutrient concentration used in varying 
proportions corresponding to the ratio of the utilization of three major 
nutrients in varying years (1%I-20()1). I'liis screening cxperinienl 
revealed that the selected duckweeds were sensitive to NPK and varied 
in response in accordance with the concentrations and proportions of 
NPK. 
The seasonal dynamics of selected duckweeds including their 
population, fresh and dry weight and net primary productivity showed 
significant responses with the size of water body and to some extent 
with the wind velocity rather than rainfall alone. In conformity with the 
earlier observations in shallow water bodies (Padisak, 1980), the wind 
speed as recorded in the present study may has induced the mixing of 
upper and lower layers of the water of the selected pond and altered the 
water quality seasonally irrespective of the amounts of the nutrients 
received by the water body during monsoon season. The hot summer 
season reduced the population of duckweeds. The high temperature 
may also has released the phosphorus bound in the sediments. The 
seasonal removal of Typha angustata from the water body, resulted into 
phytoremediation (nutrient removal). However, high turbidity in the 
selected pond was feasibly the long term impact of successional change 
in the water body. The seasonal variation in the growth and 
productivity of two selected duckweeds and the selected water 
characteristics like pH, salinity and turbidity were related with the 
seasonal variation in the temperature, rainfall, wind speed and 
anthropogenic activities like seasonal removal of Typha angustata and 
raising of boundaries around the selected water body. 
The observations revealed that wind induced advections, water 
and nutrient input during monsoon, temperature, turbidity, pH and 
size of water body were the forcing factors in the regulations of the 
functions and processes of the water body causing season specific 
maxima and minima of the selected duckweeds. The laboratory 
observations proved that varying nutrient concentrations and variations 
in the proportions of NPK as well as age of duckweeds were the other 
factors which feasibly have modified the responses. The laboratory 
experiments indicated that application of anyone of the nutrients 
beyond the assimilatory capacity of the flora of selected pond might 
have altered the water quality in varying seasons. However, the results 
of the experiments conducted in homogenous environment in a limited 
volume of water are not directly attributable to the responses of 
duckweeds of the heterotrophic environment of the pond. But indicated 
that consistent change in the quantity and proportions of NPK used in 
varying years had affected the water body on one hand and consistent 
removal of Typha angustata maintained the NPK content within a 
narrow range. 
The varying proportions of N : P : K resulted into variations in 
growth responses of the selected duckweeds under similar homogenous 
but limited water environment. The phosphorus and nitrogen proved to 
be limiting nutrients as evident from the treatments of duckweeds with 
varying proportions of NPK. The other interesting responses noted 
were the role of nitrogen in limiting the dry weight and phosphorus in 
limiting the population growth of Lemna minor. The nitrogen is the main 
constituent of protein and limiting N may have ultimately reduced the 
dryweight accumulation. The phosphorus is the main constituent of 
RNA and DNA and therefore, the limiting P might have reduced 
reproductive activity (DNA and RNA synthesis). 
The following table summarizes the overall responses of Lemnn 
minor and Spirodela polyrrhiza to varying atmospheric and water 
characteristics in the selected rainfed water body. The higher duckweed 
population was recorded in the winter season having relatively lower 
temperature, total dissolved salts (T.D.S.), pH and nutrients (NPK). 
Population of the two selected duckweeds in the sinnnK'r months was 
nil or negligible in response to high wind velocity, temperature, T.D.S., 
pi 1 and NPK. 
Summary of responses of selected duckweeds, atmospheric and water 
characteristics of the selected rainfed water body. 
1 ell dixitteis 
Wind velocity 
Rainfall 
Average Atmospheric Temperature 
Total Dissolved Salts 
pl-l 
Dissolved Oxygen 
Nitrates 
Phosphate 
Potash 
Populnlion 
Leivnn minor 
Spirodela polyrrlnzii 
Summer 
H 
L 
I-l 
l-I 
H 
L 
11 
IT 
H 
N 
N 
Seasons 
Monsoon 
A 
11 
A 
A 
A 
1-1 
L 
A 
A 
A 
A 
Winter 
L 
A 
L 
P 
L 
A 
A 
L 
P 
11 
11 
P = Pow 
A = Average 
PI = High 
N = Nil or Negligible 
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Introduction 
INTRODUCTION 
About eighty per cent of the globe is covered by water and, 
therefore, earth is called the "Water Planet". Water resources consist of 
fresh water and marine water resources. Freshwater environments 
range from large lakes to small temporary ponds (lentic) and from large 
rivers to tiny streams (lotic). Freshwater is an indispensable resource 
and essential for life on land including the survival of human race. It 
comes to land mainly in the form of precipitation. In India, the average 
annual rainfall in major geographical area is about 110 cm except for 
semi-arid and desert areas. The rainfall in India, carries the fresh water 
recharging capacity of about 2.75 million cubic km every year. Out of it, 
only 0.6 million cubic km percolates down into ground and the rest 
flows down to seas and lakes through rivers and streams. The total 
ground water reserves of India are estimated to be around 27 million 
cubic km (approximately ten times the annual rainfall). Fresh water for 
human use is obtained from rivers, ponds and ground. The other 
anthropogenic uses include generation of electricity, industrial plants, 
construction of buildings, irrigation and rearing of fish and other 
organisms (Kumar, 2004). The anthropogenic activities result into large 
scale contamination or pollution of water. 
Water pollution is defined as the addition of some substances 
(organic, inorganic, biological, radiological) or factor (e.g. heat) into 
water resource which degrades the water quality to the extent it either 
becomes health hazard or unfit for human use or ecosystem functioning 
and processes. Surface water usually contains small quantities of 
suspended particles, organic and inorganic susbstances and a number 
of micro organisms (bacteria, fungi, algae, viruses, protozoans etc.). 
When quantities of these substances and/or organisms increase, the 
water becomes polluted and hence unfit for use. 'Eutroiphication on the 
other hand is the excessive enrichment of surface waters with nutrients 
corresponded by high production of autotrophs, especially algae and 
cyanobacteria. The high productivity leads to high respiration rates, 
resulting in hypoxia or anoxia in poorly mixed waters. Low dissolved 
oxygen causes the loss of aquatic organisms (Corell, 1999). The 
undesirable overgrowth of phytoplankton and their subsequent death, 
forms a greenish slime layer over the surface of the water body. This 
slime layer restricts the light penetration. The death and decay of 
aquatic plants produce a foul smell and make the water more turbid 
(Beeton, 2002). 
Lake Taihu and Lake Baiyandian of China, several Danish lakes. 
Greek lakes, lake Chapala of Mexico, Lake Yamoussoukro of West 
Africa, several water reservoirs and rivers in Asia, Europe, north and 
south America are reported to be highly eutrophic due to nutrient loads 
from agriculture, households and other anthropogenic activities (Xu 
Muqi et al, 1997; Jeppesen et al, 1999; Qin Boqiang, 1999; Jose et al, 
2000; Raja, 2000; Tripathy and Adhikari, 2000; Nagy et al, 2002; Huang 
et al, 2003; Mama et al, 2003; Voutsa et al, 2004; Khan and Ansari, 2005). 
In past 30 years, seasonal variation in the characteristics of water 
bodies has been studied considering a wide range of variable 
parameters related to water quality. The dissolved oxygen (DO) in 
surface layers of fresh water Surinsar Lake (Jammu, India) and biomass 
of aquatic macrophytes covaried seasonally (Sehgal and Jyoti, 1997). 
The monsoon seasonality effectively regulated functions and processes 
of an artificial lentic ecosystem in Seoul (South Korea) and had 
important implications to eutrophication (An et al, 2003). Ihe algal and 
phytoplankton densities were found mainly related to seasonal water 
discharge in Rhine and Meuse Rivers of Netherlands (Naim, 1993; 
Ibelings et al, 1998). The seasonal variability in number and biomass of 
zooplanktons was found related with O2 availability in a polytrophic 
Mutek Lake, Poland (Widuto, 1988). The seasonal water quality 
variations in northern coast of Karawang West Java were directly 
related with eutrophication. In wet season, excessive input of organic 
waste with high amounts of dissolved inorganic nitrogen and 
phosphate (from agriculture and aquaculture waters) increased 
chlorophyll-fl concentration (Sachoemer and Yanagi, 1999). In Yuqiao 
Reservoir Basin (China), nitrogen concentration increased rapidly from 
dry to rainy season. The nitrogen concentration declined in the average 
flow season in the water body located near the source landscape. But in 
the waterbodies located around source and sink landscapes, the N 
concentration consistently increased from dry to rainy season with 
highest value in mean flow season (Chen et ah, 2002). The seasonal 
change in summer increased orthophosphate content in Tokyo Bay 
(Japan). The seasonal variation in dissolved inorganic phosphorus and 
particulate phosphorus were inversely correlated and reflected 
variation in biological activity (Miyata and Hattori, 1986). 
In Austrian part of river Danube, the seasonal pattern of two 
principal components (consisting of Nitrate -N, chloride and oxygen as 
well as TP, SRP, NH3 and KMn04) were more pronounced with respect 
to season. The concentrations were minimum in summer and maximum 
in winter and showed inverse relationship with their discharge rates 
(Weilguni and Humpesch, 1999). Artioli et al. (2005) studied seasonal 
variation in nutrient loads in coastal zones caused by the Po river (Italy) 
and prepared a mathematical model simulating seasonal variability of 
nutrient concentration, phytoplankton biomass and DO. The long-term 
studies of nutrient patterns in Kentucky Lake (USA) revealed that the 
seasonal variations in nutrient discharge were more pronounced than 
the actual variation in the reservoir with regulated discharge. Greater 
variations in nutrient concentrations were found on eastern forested 
side of the reservoir than on the western agriculturally dominant 
embayment (Yurista et al., 2004). 
Increasing chemical inputs in agriculture, in terms of inorganic 
fertilizers and pesticides, alongwith the inefficient use of organic wastes 
without careful handling, affect adversely the biophysical environment 
creating serious threats to human beings (Mukhopadhyay et al, 2005). 
Studies of watersheds in agroecosystems are important in relating land 
management to such external effects as the addition of agricultural 
nutrients in the form of fertilizers alter the nutrient cycles in such 
systems. In agroecosystems, nutrients enter via precipitation, fertilizers, 
nitrogen fixation, irrigation and weathering of soil parent material. The 
nutrient losses on the other hand are derived from stream flow, 
subsurface flow, deep seepage and loss of volatile gases as well as the 
harvest of plant and animal products (Kormondy, 2003). Domestic 
sewage is high in phosphates. Over 50% of it comes from human wastes 
and 20-30% from detergents. Animal feedlots are sources of both 
nitrates and phosphates (Penelope and Charles, 1992). 
The starting point of eutrophication is the increase of nutrient 
concenti'ation (mainly nitrogen and phosphorus) in a waterbody. The 
nutrient enrichment is subsequently followed by an uncontrolled 
growth of primary producers and oxygen depletion due to microbial 
decomposition of organic matters. The excess nutrient loads reaching 
surface waters are usually associated to discharges from anthropogenic 
activities, which normally involve direct water usage instead of reuse of 
reclaimed effluents. Agriculture activities and livestock breeding are the 
two main nutrient sources responsible for eutrophication, besides, 
human-urban and industrial wastewater discharges (Sala and 
Mujeriego, 2001). During long-term studies for 15 years, no significant 
improvement in the water quality including the concentration of NO3-
N could be recorded between 2001 and 2003 in the catchment area Labe 
River in Czech part. The catchment includes drains from agriculture 
and municipal wastes (Judova and Jansky, 2006). 
It is evident from the literature that chemical fertilizers mainly 
nitrogen and phosphorus cause enormous harm to water. Plant nutrient 
especially NO3-N (3 ppm or higher) when added in solution form to 
surface natural water, induces an undesirable growth of aquatic 
microflora and algae which in turn alters the trophic structure. The 
unwanted growth eventually leads to accumulation of considerable 
masses of dead organic materials. Its decomposition uses up oxygen in 
water resulting into anoxic condition and eventually affect the aquatic 
life adversely. Higher concentration of nitrate makes the water unfit for 
drinking. The World Health Organisation (WHO) recommended an 
upper limit of 11.3 mg NO3 L-^  in drinking water. However, in 
European countries, upto 50 mg NO3 L-i is acceptatble (Mukhopadhyay 
et al, 2005). Nitrates from fertilizers contribute nearly 50% to the surface 
water acidification in watersheds (Hessen et at., 1997). Non point source 
pollution of surface water by nitrate from agricultural activities is a 
major environmental problem in USA (Steinheimer et al, 1998). 
Phosphorus (P) is an essential element for all life forms. A 
mineral nutrient orthophosphate is the only form of P that autotrophs 
can assimilate (Corell, 1998). P, an essential nutrient for crop and animal 
production, can accelerate fresh water eutrophication. Recent research 
has shown that loss of P in both surface runoff and subsurface flow 
originates primarily from small areas within watersheds. These areas 
occur where high soil P, or P application in the form of mineral fertilizer 
or manure, coincide with high runoff or erosion potential (Sharpley et 
al, 2001). Problems with soils high in P are often aggravated by the 
proximity of many of these areas to P sensitive water bodies, such as the 
Great lakes, Chesapeake and Delaware Bays, Lake Okeechobee and the 
Everglades (Daniel et al, 1998). 
Accelerated eutrophication of surface water is often caused by 
high phosphorus losses from agricultural fields (Schroeder et al, 2004; 
Djodjic and Bergstrom, 2005; Vadas et al, 2005). Phosphorus in runoff 
from agricultural land (an important component of non point source 
pollution) has been found to accelerate eutrophication of lakes and 
streams. Long-term land application of phosphorus as fertilizer and 
animal wastes resulted in elevated levels of soil P in many locations in 
USA (Daniel effl/., 1998). 
In India, the use of fertilizers (urea, phosphate and potash) has 
increased manifold in the past 40-50 years. The fertilizers are often 
excessively used in agricultural practices. These nutrients through the 
rain waters, irrigation channel and seepage are ultimately unloaded 
into the nearby waterbodies. The rainfed walerbodies or those of flood 
prone areas receiving back water from cultivated areas often show 
blooms of aquatic plants. 
The present study includes the effects of fertilizer 
(urea, single super phosphate or SSP and potash) input on the seasonal 
variation in the growth of selected floating duckweeds in a local pond 
called as "Lai Diggi Pond". It is a rainfed pond and located on southern 
side of university campus. The selected pond has a vast area of 
catchment including 17.56 hectares of Jawahar Park (Horticulture 
nursery and Park of Government of Uttar Pradesh). During the past 40 
years, huge amounts of fertilizers were being used in the horticulture 
nurseries of the said park. The characteristics of this pond are described 
in more details in Materials and Methods. The seasonal variation 
studies under field conditions were emphasized mainly on two 
duckweeds. The studies were conducted quantitatively and 
qualitatively to work out seasonal variation in the growth and 
abundance of the selected species at monthly intervals together with 
selected water quality parameters and some atmospheric factors. 
Laboratory experiments in small earthen pots of 19 L capacity (15 
L desired solution) and polyvinyl cups of 180 ml (150 ml desired 
solution) capacity were also conducted to work out relative response of 
two selected duckweeds to varying proportions of NPK used in varying 
years during over 40 years. 
The duckweeds are very sensitive to many factors of surrounding 
atmosphere. Their potential as indicators of water quality have been 
studied by several workers (Srivastava and Jaiswal, 1989). Duckweeds 
are appropriate material for the investigation of metal accumulation 
and its toxicity. The duckweeds change morphology and growth rate in 
response to even a very small amount of water pollution (Jaiswal and 
Srivastava, 1987). On certain criteria Thornton et al. (1986) considered 
Lemna minor as ecologically sensitive species. The growth of Spirodela 
polyrrhiza was found directly related with the type and nature of the 
water (Ansari and Khan, 2002). Duckweed species are promising 
macrophytes for the use in sustainable wastewater treahnent due to 
their rapid growth, ease of harvest and feed potential as a protein 
source. The duckweeds show the high growth rate and productivity in 
well managed system (Edwards, 1985,1992). The duckweeds have been 
found responsible for three quarters of the total nitrogen (N) and 
phosphorus (P) binding in very shallow aquatic systems (Korner et al, 
2003) and thus have potentials of phytoremediation of these two major 
water pollutants. However, hydrotalcite compound (HTLCs) are used 
as adsorbents for phosphate removal owing to their ion-exchange 
capacity (Kazumichi et ah, 2006). The duckweed growth shows a direct 
response to the chemical composition of water (Landolt, 1986). 
Wastewater concentrations and seasonal climate conditions have direct 
impact on duckweed growth and nutrient uptake by these plants 
(Cheng effl/., 2002). 
The selected duckweeds namely, Lcnina minor (L.) and Spirodcln 
polyrrhiza (L.) Schleid. are members of the family Lemnaceae. Members 
of this family are very small, gregarious, floating aquatic plants. The 
plant body is highly reduced, fleshy or membranous (called frond), 
lacking distinct stems and leaves. Lemnaceae members are either 
rootless or with one to many capillary roots. The species reproduce 
vegetatively (Subramanyam, 1962). The selected species are described in 
more details in Materials and Methods. 
The three commonly used fertilizers, urea (having 46% N), single 
super phosphate (16% P) and potash have been used in present study to 
evaluate their impact on the growth behaviour of two selected 
duckweeds under laboratory conditions in homogenous environment. 
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Literature Review 
LITERATURE REVIEW 
Owing to the discharge of domestic wastes (organic and 
inorganic) comprising of phosphate and nitrate etc. the water bodies on 
decomposition of these domestic wastes become rich in nutrients 
(especially phosphate and nih'ate ions). These nutrients make the water 
bodies highly productive or "etitrophic". This phenomenon of nutrient 
enrichment is referred to as "eufrophication". The ponds and lakes 
during their early stages of formation are relatively barren and nutrient-
deficient, supporting none or very poor aquatic life. This state of water 
bodies is known as "oligotrophy". 
Eufrophication is the excessive enrichment of surface waters with 
mineral nutrients corresponded by high production of autotrophs, 
especially algae and cyanobacteria. The high productivity leads to high 
respiration rates, resulting into hypoxia or anoxia in poorly mixed 
waters. Low dissolved oxygen causes the loss of aquatic animals 
(Corell, 1999). The phosphorus content and mean primary productivity 
in oligotrophic water body has been reported to be between 10-30 |.ig L-i 
9 
and 50-300 mg carbon m-2 day-i, respectively (Likens et al, 1977). In 
moderately eutrophic water bodies, amount of phosphorus lies between 
500-1100 ^g L-i. The primary productivity of eutrophic water has been 
found to be more than 1 g carbon m-2day-^  (Likens et al., 1977). 
Nutrient enrichment is the starting point of eutrophication in any 
water body. It is subsequently followed by an uncontrolled growth of 
primary producers and episodes of oxygen depletion due to 
decomposition of algal organic matter. Agricultural activities and 
livestock breeding are main nutrient sources. Besides these, urban and 
industrial wastewater discharges are the other potent sources (Sala and 
Mujeriego, 2001). The nutrient concentration and biotic components of 
the eutrophic water bodies vary seasonally. The energy flow and 
nutrient cycling between varying components and trophic levels vary 
with the season, characteristics of the water body, geographical 
conditions and anthropogenic interferences in the catchment areas of 
the water bodies. Some of the seasonal variables like winds, 
temperature and precipitation strongly influence the other variables of 
the water bodies. The impact of seasonal dynamics is more pronounced 
in eutrophic water bodies (Khan and Ansari, 2005). 
An et al. (2003) reported that the intensity of seasonal monsoon 
rain modified chemical and biological characteristics of an artificial 
lentic ecosystem in Seoul (South Korea). The monsoon seasonality was a 
forcing factor in regulating functions and processes of the waterbody 
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and also had important implications to eutrophication. 
SEASONAL DYNAMICS 
In past 30 years, seasonal variation in the physico-chemical 
characteristics of water bodies has been studied considering a wide 
range of variable parameters related to water quality. 
The seasonal variation in dissolved oxygen (DO) in surface layers 
of fresh water Surinsar Lake (Jammu, India) was found related with 
biomass of aquatic macrophytes. The minimum DO in January was 
caused by mixing of surface layers with anoxic bottom (due to increased 
detritus activity). The changes in DO were, however, well marked from 
surface to bottom. The seasonal variation in chemical and biological 
characteristics suggested that the lake was eutrophic (Sehgal and Jyoti, 
1997). 
The variation in nitrogen concentration in varying seasons was 
estimated in several surface waterbodies around Yuqiao Reservoir 
Basin in China. The variation of nitrogen concentration in surface water 
was relatively higher in normal rainfall years than in dry years. The 
nitrogen concentration increased rapidly from dry to rainy season and 
declined in the average flow season in the water body located near the 
source landscape. But in some water bodies located near source and 
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sink landscape, the nitrogen concentration consistently increased from 
dry to rainy season with highest value in mean flow season (Clien ct al., 
2002). 
The seasonal variation in the phytoplankton biomass and 
productivity during summer and other seasons in Dokai Bay (Japan) 
indicated that irradiance and water temperature limited the growth 
(Morishita et ah, 2001). The Hiroshima Bay and Suo Nada of Seto Inland 
Japanese Sea had significant variation in microbial communities in 
spring and autumn. The seasonal change in microbial community 
sti'ucture corresponded to seasonal changes in sediment parameters. 
The regional variation in microbial community sti'ucture were less 
pronounced than the seasonal variation in Hiroshima Bay and Suo 
Nada. The PLFA (Phospholipid ester-Linked Fatty Acids), an indicator 
of microbial biomass was high in autumn and low in spring in the 
Hiroshima Bay but not in Suo Nada (Rajendran and Nagatono, 1999). 
Despite small seasonal variations in water table and temperature, 
the occurrence of aquatic vegetation indicated polluted and eutrophic 
state caused by sewage input in small springfed stream in Hiroshima 
Prefecture (Japan). To control choking of this stream, the aquatic plants 
were harvested 6 to 8 times in a year (Shimoda, 1998). Two seasonal 
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peaks of the microzooplankton population, one in the months of late 
spring to early summer and the other in the autumn season were 
recorded in highly eutrophic Tokyo Bay of Japan (Nomura et ai, 1992). 
The seasonal change in summer increased orthophosphate 
content in Tokyo Bay (Japan). The seasonal variation in dissolved 
inorganic phosphorus (DIP) and particulate phosphorus (PP) were 
inversely correlated and reflected variation in biological activity. High 
concentration of PP in surface water of Tokyo Bay was caused by high 
primary production which later settled in deeper layers and released 
orthophosphate after decomposition in sediments. This orthophosphate 
was occasionally advected upwards by wind-induced water mixing and 
again promoted the phytoplankton growth in upper layers. However, 
the abundance of total phosphorus in summer water column in the Bay 
was attributable to increased input from river waters and release of 
orthophosphate from anoxic sediments together (Miyata and Hattori, 
1986). 
In microcosm (pond), the nitrogen loading was adjusted to about 
seven times the phosphorus by weight. The phosphate, nitrate and 
ammonium were added separately in three ponds in Japan. The 
phytoplankton standing crop showed a high correlation io nutrient 
loading during the water resistance time of 20 days in the experimental 
pond. -However, -the relationship between total phosphorus and 
chlorophyll-n varied with the season showing highest correlation in 
autumn (Aizak et al, 1986). 
In Susaki Harbor and Nomi inlet (Kochi, Japan), seasonal 
variation in the Thiamine and Biotin (B group of vitamins) were 
recorded during the growing season of flagellate phytoplanklon. 
Vitamin B-12 was more abundant in surface water in winter but less 
abundant in spring and summer. However, Thiamine and Biotin were 
more abundant in summer. The abundance of Vitamin B-12 in surface 
layers was directly related to total inorganic nitrogen and inorganic 
phosphate content. The abundance of Thiamine and Biotin was 
p(jsilively correlated wilh COU, chlorophyll-^/ coiUcnl lUul CIIHIIUI.IIKc 
of flagellates (Nishijima and Hata, 1979). 
The continuous input of nutrients from the rivers at their 
confluence with Kasumigaura Lake (Japan) increased algal primary 
productivity. The particulate matter varied seasonally and maintained 
higher concentration in Takahamairi Bay than in Tsuchiurairi Bay of the 
Lake (IZbisc, 1988). 
Studies on the seasonal variation in the water quality of northern 
coast of Karawang-West Java showed direct relationship of water 
quality degradation with eutrophication. Excessive input of organic 
waste in wet season having high dissolved inorganic nitrogen and 
phosphate from residual agriculture and aquaculture waste increased 
chlorophyll-fl concentration (Sachoemar and Yanagi, 1999). 
Seasonal changes in population density of selected zooplankton 
(studied between 1992-93) in Karumuk Lake of Turkey were found 
related with pollution and eutrophication (Emir and Demirsoy, 1996). 
In central Egypt, the saline Lake Qarun showed seasonal 
variation in the water quality and quantitative and qualitative changes 
in phytoplankton community. The phytoplankton species indicated a 
tendency of eutrophy. The lake was found ecologically unstable (Fathi 
and Flower, 2006). 
The seasonal variation in phytoplankton biomass and 
environmental factors were highly related in Pyeongtaek Reservoir of 
South Korea. The water quality was highly influenced by rainfall 
between mid June to September. The turbidity of water was 
anthropogenically influenced which, in turn, affected phytoplankton 
variability. The seasonal variation in the reservoir was evident inspite of 
inflow of nutrients from watershed streams (Shin, 2003). 
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In Austrian part of River Danube, a pronounced seasonal pattern 
of two principal components (consisting of Nitrate-N, Chloride and 
Oxygen as well as TP, SRP, NH3 and KMn04) was observed with 
respect to time. The concentrations were minimum in summer and 
maximum in winter and showed inverse relationship with their 
discharge rates. Reduced input in point source nutrient to the River 
Danube in both Germany and Austria reduced 50% nutrient load in 
1980s (Weilguni and Humpesch, 1999). 
The seasonal variation in eutrophic backwater of River Danube 
(Austria) showed a succession of phytoplankton dominant turbid water 
from macrophyte dominant clear water state between 1992 to 1994. The 
species composition and their density varied seasonally. The vibrios 
type bacteria dominated during the bloom of cyanobacteria in summer 
while rod shaped morphotypes dominated after the breakdown of 
bloom in autumn and winter (Kirschner et al, 1999). 
The seasonal dynamics of phytoplankton in shallow Doirani Lake 
(Denmark) showed a typical pattern of eutrophic lakes. Small diatoms 
(r-species) were dominant in the early phase of succession. These 
species were replaced by Microq/stis, Anahaena and Cerratium (s-species) 
in summer. With cooling of water in September, the biomass of diatom 
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increased. Algal maxima in summer was recorded as a typical example 
of eutrophication. The fluctuations in the thermal regime and 
interaction with small depth of mixing as well as increased sediment-
water interaction altered underwater light conditions and nutrient 
concentration (Temponeras et ah, 2000). 
In nutrient rich sediments of Danish Lowland stream the benthic 
microalgae showed exponential growth from early spring (April-May) 
till fall and formed carbon source for heterotrophs as evident from 
oxygen respiration and chlorophyll content in the sediment. 
Throughout the season, estimated denitrification rates were in 
conformity with actual rates measured (Christensen et ah, 1990). 
The fluxes of gases were higher in summer and autumn than in 
winters. The higher fluxes of some green house gases in sediments of 
eutrophic boreal lake Kavaton (Finland) were attributable to higher 
productivity in deep profundal sediments. But in shallow profundal 
sediments, fluxes of CH4, NH| and P were low. The CH4 emissions were 
closely related to sediment P and NHJ release (Liikanen et al, 2003). 
Seasonal variation in the density and biomass of various meso-
zooplankton species was evident in spring and autumn in the northern 
Baltic Sea at Sieli (Finland). The species showed variation during yearly 
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analysis between 1967 to 1975. On increase in salinity, 11 out of 34 taxa 
of meso-zooplankton increased numerically and rose substantially 
during 1970-71 and 1973. The results of variations could not confidently 
be correlated with euti'ophication or other biotic interaction (Vuorinen 
and Ranta, 1987). 
Seasonal variation and annual pattern of phosphorus in three 
compartments (sediments, water and plant tissues) of 12 species at 
varying sites in oligotrophic to eutrophic wat(>r were studied by 
Thiebaut and MuUer (2003). It was revealed that water SRP varied 
seasonally but sediment TP remained unaffected. The tissue TP also 
varied with season in some species. The study suggested that removal 
of aquatic plants could be an alternative method to contTol 
eutrophication (Thiebaut and Muller, 2003). 
The hydrological conditions in hot season caused eutrophication 
leading to enhanced algal growth and reduced floral vitality. In the 
month of November, warming of waters increased large fleshy algae 
capable of overgrowing many substrata in nutrient rich degraded reef 
in France (Naim, 1993). 
The algae, rainfall and the winds were reported to be the factors 
influencing nutrient fluctuation over space and time as evident from the 
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data of seasonal variation in temperature, salinity, DO, nutrients and 
chlorophyll-fl conducted in Messolonghi Lagoon (Greece). The 
eutrophic conditions and serious pollution occurred in anoxic bottom 
(below 10 m) of the lagoon and in the area close to sewage input points 
(Friligos, 1989). Considerable daily variations in the algal count were 
noted in the summer months during 1976, 1977 and 1978 at Tihany in 
Balaton (Hungary). However, chlorophyll-fl content did not show closer 
correlation with number of algae. The wind in shallow lake played 
important role in seasonal succession (Padisak, 1980). 
Artioli et al. (2005) studied seasonal variation in nutrient loads in 
coastal zones caused by the Po River (Italy) and prepared a 
mathematical model simulating seasonal variability of nutrient 
concentration, phytoplankton biomass and DO. Artioli c\ al. (2005) 
noted that with coastal zone model it was possible to compare the 
effects of nutrient load variability on biochemical and ecological quality 
of coastal environment. In Rhine and Meuse Rivers of Netherlands, 
annual variation in phytoplankton density was found mainly related to 
water discharge variations. The phytoplankton biomass did not increase 
during one decade of eutrophication. The potamoplankton species were 
found good indicators for short-term changes in water quality. On the 
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contrary, the phytoplankton served as good indicators of trophic 
relationship in monitoring of riverine ecosystems (IbeHngs et al, 1998). 
The seasonal variation in the primary and gross production of 
phytoplankton indicated increasing eutrophication of a polymictic and 
polyhumic dam reservoir in Poland from beginning of its foundation. 
The increased respiration was attributed to the natural input of 
dissolved organic matter from its peaty forest catchment area (Gorniak 
et al, 2003). Seasonal variation in hydrological changes in seven lakes of 
north-eastern Poland during 40 years (1961-2000) showed a unimodal 
cycle of variation whose magnitude depended on the precipitation in 
the form of snow during December to March. The anthropogenic 
increase in water level variations mainly intensified the eutrophication 
(Gorniak and Piekarski, 2002). The seasonal variability in number and 
biomass of zooplankton was found related with O2 availability as 
revealed after the artificial aeration of poly trophic Mutek Lake (Poland). 
During lake aeration, the planktonic biomass of crustaceans was twice 
higher than in non-aerated lake. The vertical range of occurrence of 
zooplankton was increased in the aerated lake. The zooplankton's 
vertical range of occurrence was related with oxygenation of deeper 
layers in winter and summer. The species characteristics in aerated lake 
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resembled with those in reduced trophic water (Widuto, 1988). 
Martins et al. (2005) studied seasonal variation in above and 
below ground carbon partitioning in Zoster a noltii (a meadow grass) to 
work out suitable transplantation season to restore Mondego estuary 
(Portugal) and found autumn and winter to be the most suitable 
seasons. In Portugal, the seasonal variation of eutrophic lake Vela's 
physico-chemistry showed usual seasonal pattern of Cladocernn 
community as coherent with general models observed in some 
temperate lakes. However, the study year was unusual due to large fish 
kills in late spring without much variation in general pattern but had 
higher nutrient and chlorophyll-a than in the past years (Antunes et al, 
2003). 
Seasonal variation in planktonic biomass and environmental 
variables were found associated with Jellyfish abundance as studied 
between 1988 and 1997 in Mar Menor Coastal Lagoon (Spain). The 
result analysis indicated that phytoplankton growth stimulating 
nutrient input did not show much impact on spectra slope in varying 
years. It was revealed that top down control by jellyfishes controlled 
eutrophication led consequences in the Mar Menor Coastal Lagoon 
(Perez-Ruzafa et al, 2002). 
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The seasonal increase in human immigration (by hoHday makers) 
in summer and to some extent in spring increased nutrient content 
(phosphate and inorganic nitrogen) in downstream zone of Alberche 
River (Spain). In upstream zone of this river with little human 
occupation, the ionic composition was low (Perona et ai, 1999). In Ria 
de Vigo estuary of Spain, the change in temperature was related to 
annual cycling. The upwelling and downwelling events and runoff 
caused frequent variations in salinity. The nutrient concentration 
changed with season. However, the cycling of various nutrients differed 
in surface and bottom layers and thus the changes in nutrient cycling 
was not related with advection and water column processes. The 
chlorophyll-n cycling was found related to spring and autumn blooms 
(Nogueiraeffl/., 1997). 
Seasonal and interannual variation in the growth, distribution 
and biomass of submerged macrophytes and drift algae were studied 
through aerial photography and ground-truth sampling in shallow (0-1 
m) bays in Aland Islands of northern Baltic Sea (Sweden) during 1997-
2000. Chara aspera, Cladophora glomernta, Pikyelln littoralis and 
Potamogeton pectinatus were most abundant by weight and number. 
Filamentous green algae constituted greater biomass followed by 
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charophytes and vascular plants. The peak of biomass was recorded in 
July and August (Berglund et al, 2003). The highest theoretical reference 
(r2) to a level of 0.92 for P concentration in 25 Swedish lakes based on 
dynamic model was suggested to include internal loading, stratification 
and seasonal variation as the most fundamental processes regulating 
the P fluxes. Such models should also be based on inherent empirical 
uncertainties (CV-values) in contrary to the eutrophication models 
based on mean concentration of P in tributaries (Hakanson, 1999). In 
rock-pool ecosystem (located in small island in Baltic Sea, Sweden) the 
seasonal variations in nutrients and organic matters were found directly 
related to the eutrophication caused by droppings from colony of sea 
birds, intermittent meshing of pool with rainwater and other biological 
activities. The algal bloom of flagellates occurred in April and vanished 
with increase in animal population. High photosynthetic pigments 
found in the bottom sediments were attributable to intensive grazing by 
animals in the pool (Wulff, 1980). 
The water quality analysis of Firth of Clyde coast in Scollaiul 
showed that seasonal variability resulted in to greater variation of water 
quality at the surface than at the depth (Bock et al, 1999). 
The interacting effects of abiotic processes and biotic dynamics in 
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explaining variations of phytoplankton biomass in a shallow eutrophic 
Barton Broad Lake (UK) using a long-term data set were worked out 
(Lau and Lane, 2002). In this lake, the interrelationship between 
phytoplankton variability, nutrient and grazing factors were found 
highly sensitive to seasonal periodicity. Phytoplankton biomass in 
spring was related to phosphorus, nitrogen and silicon. And in summer 
with phosphorus, nitrogen and zooplankton. In autumn phytoplankton 
biomass was related to phosphorus, nitrogen, silicon and zooplankton. 
In winter, no significant relationship was recorded between 
phytoplankton and environmental variables studied (Lau and Lane, 
2002). 
In earstwhile USSR, Lake Pangodi and Lake Viitna Pikkjarv (both 
in Estonia) were found to be in the state of eutrophication in late 70s as 
evident from the seasonal cycles of biological and chemical parameters 
(Milius and Pork, 1977; Milius and Kovask, 1977). 
The seasonal cycles of temperature and solar radiations were 
related with each other and affected energy budgeit in shallow lakes and 
wetlands of Africa. The range of total solute concentration in water 
bodies was very wide and happened to be in conformity with the input 
and evaporative concentration opportunities (Tailing, 1992). 
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The mathematical models formulated for Memphremagog Lake 
(bordering between Canada and USA) to predict monthly and spatial 
changes in total P proved to be very sensitive for P-input rate than 
either for sedimentation or P-release rate. The formulated models on 
20% increase in cultural eutrophication predicted 15% possible annual 
increase (Spiller and Auclair, 1986). 
The impact of heterogeneity of the season on the empirical 
models related to nutrients and growth were studied for two shallow 
lakes (Okeechobee and Apopka of Florida, USA). The changes in the 
degree of regression models (log-log) were related with high windy 
season in winter (Harens et al, 1999). But, far reduced variation were 
noted during summer with relatively calm winds. In these shallow 
lakes, the light limiting factor of phytoplankton growth reduced. It was 
inferred that features like nutrient, chlorophyll and transparency can be 
inter-related in shallow subtropical lakes with some common features 
like location size and wind pattern. However, the models prepared lake 
by lake basis would be of more use in lake management (Havens et al, 
1999). 
Studies on the internal cycling of nutrients from sediment core 
and water column in an aquatic ecosystem (Lower St. Johns River, 
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Florida, USA) revealed a strong relationship between nutrient fluxes 
and oxygen availability. The average NH4-N released from anaerobic 
cores was significantly higher than in aerobic cores irrespective of 
seasonal variation (Malecki et al, 2004). 
In highly nutrient rich Indian River Lagoon (Florida, USA) 
modulation of competition mechanisms between epiphytes and 
seagrass was studied. The chlorophyll bloomed in March in grazing fish 
exclusion cages resulting into higher standing biomass. The epiphyte 
biomass was also high inside grazing exclusion sites. The epiphytic 
community included a relatively less herbivory resistant Cladophora sp. 
of algae. The herbivory resistant epiphytic red algae bloomed 
subsequently. The herbivory changed seasonally depending upon the 
availability of different prey species to fish grazers. The prey species 
preferentially utilized fleshy green algae typical of bloomed conditions. 
In the lagoon, the topdown interactions enhancing Thalassia testudinum 
growth was limited by shading of blooming green macroalgae (Gacia et 
al, 1999). 
The climatic change in 20* century at global, hemispheric and 
regional level increased the surface and subsurface temperahire to 
0.16 °C and 0.21 °C per decade respectively. The warming of 
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Chesapeake Bay Estuary (Virginia, USA) steared to have caused an 
increase of 0.82-1.1 °C temperahire (Preston, 2004). 
The long-term studies of nutrient patterns in Kentucky Lake 
(USA) revealed that the seasonal variations in nutrient discharge were 
more pronounced than the actual variation in the reservoir with 
regulated discharge. Greater variations in nutrient concentrations were 
found on eastern forested side of the reservoir than on the western 
agriculturally dominant embayment. The annual average of nutrient 
pattern did not change and eventually had no impact on the 
eutrophication potential during study period from 1989-1998 (Yurista et 
al, 2004). 
The primary productivity was regulated seasonally by external 
nutrient input and consumer recycling process. Shostell and 
Buckaveckas (2004) studied variation in algal demand, consumer 
excretion rates and tributary inputs of N and P during two contrasting 
flow regimes of summer seasons of the years 1998 and 1999 in an 
eutrophic river at Louis Ville (USA). The nutrient input accounted for 
38% and 95% of algal demand for N and P, respectively in 1998 against 
3% and 17% of N and P, respectively of total algal demand in the 
summer of 1999. The excretions of these nutrients by consumers 
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(gizzardshad and zooplankton) were 14% and 20% of algal demand for 
N and 31% and 51% of P requirement in the year 1998 and 1999 
respectively. Among the two consumers, recycled by the zooplankton 
recycling contributed maximum fraction (47% N and 43% P) of algal 
demand. The N : P ratio was 13 : 1 in zooplankton excreta as compared 
to 7 : 1 in fish excreta. The consumer derived nutrients were important 
in late summer when tributary inputs were low. 
The analysis of results of various studies and sampling from 620 
stations in temperate streams of United States showed that greatest 
portion of variance of algal biomass (Periphyton) in benthic streams 
was found related to N and P concentrations. The ecoregion effects of 
nutrient-chlorophyll relationship were weak. The ecoregion effects were 
cross related with per cent urban and cropland area and population 
density (Dodds-Walter et al, 2002). 
In lake Tahoe Basin of United States potential watershed 
parameters including precipitation, basin area, basin steepness, road 
and human settlement area influenced P inputs to the lake. The P input 
varied interannually, seasonally and spatially. The studies on nine 
streams of lake Tahoe indicated an initial stage of cultural 
eutrophication caused by anthropogenic alterations in its airshed and 
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watershed. On addition atmospheric N loading, the lake switched over 
from N to P limitations (Hatch et al, 2001). 
The nutrient analysis of 20 streams of Lujan River Basin 
(Argentina) was carried out. The streams were characterized by high 
nutrient content without strong heterogeneity in chemical 
characteristics within a season. The pollution gradient existed 
downstream and water alkalinity changed from high to lower level 
(Feijooeffl/.,1999). 
In eutrophic Lagos des Garcas Lake (Brazil), a cyanophyceae 
member among 165 taxa had dominance at the end of spring and in the 
beginning of summer. The other taxa showed their dominance from end 
of summer till the beginning of spring (Sant'anna et al., 1997). In 
Capibaribe River Estuary (Brazil), the phytoplankton biomass was 
highest during dry season. The phytoplankton cell density and 
chlorophyll-fl showed greater degree of variation during sampling 
period. The estuary was characterized by intensive tidal action and 
huge inputs of industrial and domestic sewage (Koening et al., 1995). 
Agricultural livestock activities in South Central Chile resulted 
into the emission of inorganic nitrogen, its transport via air current and 
deposition over vegetation and soil. The inorganic N in agricultural 
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region varied seasonally with maximum values in spring and summer 
and minimum during the winter. The deposition of inorganic N 
affected the acidification and eutrophication of surface and ground 
water in South Central Valley of Chile (Oyarzun et al., 2002). 
It is predicted through the studies conducted on Yeppen Yeppen 
Lagoon (Australia) that the primary productivity is likely to be high 
because of the well lit lagoon's water. A large sediment surface area was 
in contact with the epilimnion. The results of the seasonal variations in 
temperature, light regime, oxygen concentration, pH and conductivity 
suggested that the lagoon is likely to prove eutrophic (Mackey, 1991). 
In oligotrophic open area of Adriatic Sea (Croatia), bacterial 
biomass was believed to be a significant source of carbon for higher 
trophic levels. Bacterial biomass in coastal area constituted 9-28% of the 
phytoplankton production and in open sea 10-40%. Bacterioplankton 
production was maximum when phytoplankton bloom declined in 
summer (Krsltulovic et al., 1995). 
IMPACT OF FERTILIZERS ON EUTROPHICATION 
As evident from the preceding review, the eutrophication was not 
only related with the seasonal variabilities but also with a number of 
anthropogenic activities in urban and rural areas including agricultural 
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practices. Phosphorus and nitrogen input due to excessive use in 
agricultural practices, their cycling in the water bodies and seasonal 
variabilities (temperature, water level, depth, irradiance and winds) are 
the main causes of eutrophication (Khan and Ansari, 2005). During the 
past 40 years, the use of fertilizers in agriculture has increased several 
fold in India (Anonymous, 1999, 2002). 
Several brands of chemical fertilizers containing macro and micro 
nutrients are being excessively used in addition to compost. The 
fertilizer industry recognizes its crucial role in meeting basic human 
needs. It stands to meet the challenge of adopting new practices and 
technologies for greater efficiency and optimum crop productivity to 
sustain better quality of life (Fixen and West, 2002). 
The P~P04 concentration greater than 0.1 [ig L-^  caused 
eutrophication in Three Gorges Reservoir of China. The various forms 
of nitrogen were also found in significantly higher concentrations. The 
increase in nitrogen and phosphorus feasibly resulted from the inputs 
of agricultural runoff, municipal and industrial effluents (Liu et al, 
2004). 
In situ experiment of nutrient enrichment in a temperate region 
reservoir in Seoul (South Korea) revealed that algal response on P 
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treatments were greater than on treatments with P+NH4-N or P+NO3-
N treatments. The response was greater during summer monsoon than 
in any other season (An, 2003). 
IMPACT OF NITROGEN 
Crop and livestock agricultural systems are important 
contributors to local, regional and global budgets of NH3, NOx (NH + 
NO2) and N2O. Emissions of biologically and chemically active NH3 
into the atmosphere serve to redistribute fixed N to local and regional 
aquatic and terrestrial ecosystems that may otherwise be disconnected 
from the sources of the N gases. About 50 to 75% of the around 55 Tg N 
Yr^ NH3 from terrestrial systems is emitted from animal excreta and 
synthetic fertilizer application (Mosier, 2001). 
Nearly 81.7 million metric tonnes of commercial nitrogen 
fertilizer account for approximately half of all N reaching global 
croplands now a days and supplies basic food needs for at least 40% of 
the world population. The challenge is to meet the increasing food 
requirements and minimize the risk of negative environmental impacts 
through improved N-use efficiency. Current N-efficiency and crop 
productivity are generally lower in several parts of Asia than in North 
America, but they are improving (Fixen and West, 2002). 
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The surplus nitrogen (N) from Japanese agriculture was 
speculated to have strongly affected the environment. In a study of N 
flow in agricultural production during 1980-1997 it was estimated that 
application of chemical fertilizer per unit area of farmland in Japan 
peaked in 1985 and then declined. The amount of residual N on 
farmland (expressed as the difference between N inputs and N outputs) 
was lowest in 1997 due to the low input of chemical fertilizers and 
manure, though the amount of non-utilized livestock waste was 
highest. Therefore, the total amount of residual N in farmland and non-
utilized livestock wastes in Japan were 141, 163, 158 and 148 kg N ha-' 
in 1980,1985,1990 and 1997, respectively (Mishima, 2001). 
The breakdown of dissolved inorganic and organic nitrogen from 
readily available compounds such as NH4"^  and urea was felt to be the 
important process in the nitrogen nutrient availability. The nitrogen 
was utilized by the phytoplanktons and bacteria in the Lake Kinneret 
(Israel), the River Charante estuary and coastal water near He de Re the 
French Atlantic Coast (Berman et at., 1999). 
Phosphorus and nitrogen in runoff from agricultural fields are 
key components of non point source pollution of water bodies and can 
accelerate eutrophication of surface waters. In an experiment the 
36 
fertilizer input with near surface hydraulic gradient (free drainage, 
saturation, artesian seepage with and without rain) tested for 
contribution to the water quality problems. The total NO3-N loss from 
free drainage treatment was 0.01% of the applied N while artesian 
seepage with and without rain resulted into 16 and 11% loss of NO3-N 
respectively (Zheng et al, 2004). 
The groundwater protection and eutrophication are significant 
environmental issues on the European agenda. The main source of 
nitrogen in Europe is leaching from agricultural fields caused by excess 
fertilizer inputs. Since the late 1970s, nitrate concentrations have 
increased all over Europe reflecting intensification of agriculture. High 
nitrate concentrations in ground and surface water make it unsuitable 
for drinking. High nitrogen inputs in the marine environment cause 
eutrophication and result in increased algal growth, altered biological 
communities and deoxygenation (Iverson et al, 1998). Nitrates from 
fertilizers account for nearly 50% of the surface water acidification in 
watershed. Owing to these N inputs, there is a strong need to cut in 
NOx and NHx emissions (Hessen et al, 1997). 
Nonpoint source pollution of surface water by nitrate from 
agricultural activities is a major environmental problem in USA. An 
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agricultural watershed in the Iowa Loess Hills with a 23 years history of 
annual corn production with average N fertilization has been studied. 
Head cut seepage was transported through a natural riparian zone and 
observed as weir base flow; surface runoff was measured separately. 
The concentration of nitrate carried from the field in basin drainage 
steadily increased from <1 mg L-^  in 1969 to > 20 mg L-i in 1991 
(Steinheimer et at., 1998). 
The mathematical model has shown that phosphorus and 
nitrogen input is likely to be reduced to the extent of 50 per cent and S5 
per cent respectively into the Swan and Canning Rivers (Australia) 
provided agricultural land is reforested. The urbanization has also been 
reported to be a major cause of phosphorus and nitrogen input. During 
the next ten years the urbanization is likely to increase 4 and 12 per cent 
of phosphorus and nitrogen loads respectively in the estuary of those 
rivers (Zammit et al, 2006). 
Biological transformations of N added to ponds in the form of 
inorganic or organic fertilizers and formulated feeds was found to 
dominate the nitrogen biogeochemistry of aquaculture ponds. Nitrogen 
application in excess of pond assimilatory capacity can lead to the 
deterioration of water quality through the accumulation of nitrogenous 
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compounds (e.g. ammonia and nitrate) with toxicity to fish or shrimp 
(Hargreaves, 1998). 
N-CYCLE 
The growing population in north-east Asia led to the altered 
nitrogen cycle, due to increased use of fertilizers in agriculture. The 
excessive use of fertilizers increased emissions and transboundary air 
pollution. During the 1900s, over 50% of the nitrogen deposition over 
Republic of Korea (South Korean Peninsula) was imported from abroad. 
The N inputs from atmospheric deposition, fertilizers, biological 
fixation, imports of food, feed and products, outputs in riverine export, 
crop uptake, denitrification, volatilization, runoff, sedimentation and 
sea water exchange have been quantified. The nitrogen budgets were 
found positive with N inputs exceeding outputs. The excess N inputs in 
turn increased N storage in ground water. Annual accumulation of N in 
the Yellow Sea including inputs from South Korea and other drainage 
areas was 1229 kt yr^. The human derived N inputs lead to excessive 
eutrophication and pollution of Yellow Sea (Bashkin et al., 2002). 
Human activities have greatly altered the global nitrogen (N) 
cycle and accelerated the rate of N-fixation in landscapes and delivery 
of N to water bodies. Using data from the early 1990s, Boyer et al. (2002) 
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quantified N inputs in 16 catchments from those of atmospheric 
deposition, nitrogenous fertilizer applications, biological nitrogen 
fixation and imports of N in agricultural products. Net atmospheric 
deposition was found to be the largest N source (>60%) to the forested 
basins of Northern New England. However, in most populated regions 
of Southern New England, the net import of N in food was the largest N 
source. The agricultural inputs were the dominant N sources in the 
Mid-Atlantic regions (Boyer et al, 2002). 
IMPACT OF PHOSPHORUS 
Phosphorus, an essential nutrient for crop and animal 
production, can accelerate freshwater eutrophication. Now one of the 
most ubiquitous forms of water quality impairment in the developed 
world. Repeated outbreaks of harmful algal blooms (e.g. Cyanobacteria) 
have increased society's awareness of eutrophication, and the need of 
solutions. Agriculture is regarded as an important source of P in 
environment. Specifically, the concentration of specialized farming 
systems has led to a transfer of P from areas of grain production to 
animal production. This has created regional surpluses in P inputs 
(mineral fertilizers and feed) over outputs (crop and animal produce), 
built up soil P in excess of crop needs, and increased the loss of P from 
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land to water. Recent research has shown that this loss of P in both 
surface runoff and subsurface flow originates primarily from small 
areas within watersheds during a few storms. These areas occur where 
high soil P, or P application in mineral fertilizer or manure, coincide 
with high runoff or erosion potential (Sharpley et al, 2001). 
Phosphorus (P) is an (essential element for all life forms. A 
mineral nutrient orthophosphate is the only form of P that autotrophs 
can assimilate (Corell, 1998). Phosphorus does not occur as abundantly 
in soils as N and K. Total phosphorus in surface soils varies between 
0.005 and 0.15%. The average total P content of soils is lower in the 
humid south-east than in the Prairie and Western States. Unfortunately, 
the quality of total P in soils has little or no relationship to the 
availability of P to plants. Although, Prairie soils are often high in total 
P, many of them are characteristically low in plant available P. 
Therefore, understanding the relationship and interactions of the 
various forms of P in soils and the numerous factors that influence P 
availability was felt essential to efficient P management (Tisdale et 
a/.,1995). 
Phosphorus is used extensively in fertilizers and other chemicals. 
It commonly accumulates in higher concentrations in the water bodies 
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around agricultural fields or densely populated areas. In water bodies 
phosphorus may be present in various forms. All forms of phosphorus 
are not readily available to plants. Total phosphorus is a measure of all 
forms of phosphorus (dissolved or suspended) found in any water 
sample. The soluble reactive phosphorus (SRP) is a measure of 
orthophosphate. The soluble inorganic phosphorus is the form directly 
taken up by plant cells. While monitoring the water bodies, the soluble 
inorganic form of phosphorus would be of special significance to 
determine the stage of eutrophy and oligotrophy (Hammer, 1986). 
Fertilizers generally contain phosphorus in the form of orthophosphate 
and are a major cause of eutrophication in freshwater systems 
(Sharpley, 1999). The average concentration of total phosphorus 
(inorganic or organic) in wastewater has been reported to vary in the 
range between 10-20 (xg L-i (Bitton, 1999). Approximately 15% of the US 
population contributes phosphorus containing wastewater effluents to 
lakes, resulting in eutrophication of these water bodies (Hammer, 1986). 
Phosphorus is a limiting nutrient in many freshv/ater ecosystems and 
increase in its availability can lead to eutrophication (Murdoch et al, 
2005). 
Accelerated eutrophication of surface water is often caused by 
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high phosphorus losses from agricultural fields (Schroeder et al, 2004; 
Djodjic and Bergstrom, 2005; Vadas et al, 2005). In a German lowland 
eutrophic river, the clastic sediments acted as P sinks in summer when 
SRP concentTation were relatively high. Organic river substrates served 
as phosphorus source (Schulz and Herzog, 2004). The phosphorus 
concentration and loads in field floodwater on plots receiving 
phosphorus rapidly declined nonlinearly before the first drainage for 
three weeks after fertilizer application. The combined application of 
fertilizer and manure P, increased P transfer potential in field 
floodwater than with fertilizer P alone as observed one week after P 
application (Zhang et al, 2004). 
Agriculture and urban activities are major sources of phosphorus 
and nitrogen to aquatic ecosystems. Nutrient enrichment seriously 
degrades aquatic ecosystems and impairs the use of water for drinking, 
industry, agriculture, recreation and other purposes. Based on review of 
scientific literature, it is certain that eutrophication is a widespread 
problem in rivers, lakes, estuaries and coastal oceans, caused by 
excessive enrichment with P and N to surface waters. In USA, the 
eutrophication results primarily from agriculture and urban activity 
including industry. Inputs of P and N (fertilizers) to agriculture exceed 
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produce outputs in many nations. Excess fertilizer production and 
inputs cause a P surplus in soil. Part of this surplus P is transported to 
aquatic ecosystem and recycled bio-geo-chemically (Carpenter et ai, 
1998). 
The phosphate is relatively immobile element and may be carried 
to streams through soil erosion and storm runoffs from the excessively 
fertilized agricultural fields, nurseries, lawns and orchards. Certain 
synthetic chemicals such as pesticides, construction materials, flame 
retardants and plasticizers are the other sources of phosphate 
discharges in freshwater systems (Sharpley, 1999). Some fraction of 
phosphate fertilizers applied to agricultural fields runs off to water 
bodies (Ambasht and Ambasht, 1992). It is best to measure and regulate 
total P inputs to whole aquatic ecosystems, but for an easy assay it is 
best to measure total P concentrations, including particulate P in surface 
waters (Corell, 1999). 
The relative magnitudes of annual diffuse and point source loads 
of phosphorus (P) to the River Thames were estimated from daily and 
monthly measurements of discharge and concentration. Existing data 
from gauging and monitoring sites on the river network and at point 
sources were supplemented by survey data at a range of spatial scales. 
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Results showed that during low flow periods most of the P could be 
attributed to point sources while at high flows the figure was less than 
10%. The inti'oduction of P stripping by a major sewage treatment plant 
(STW) at Aylesbury Works by approximately by 45 tonnes, with a 
similar reduction in loss from the catchment. This reduced the low flow 
concentrations of soluble reactive phosphorus (SRP) from 2.5 to 1.5 mg 
L-i. Concentrations of soluble reactive phosphorus in river water 
remained above eutrophication threshold because of the influence of 
other STWs in the catchment and insufficient natural discharge to dilute 
this (Cooper et al., 2002). 
The concentrations of cadmium and bioavailable phosphorus 
were determined in sediment samples of a large section of the River Lot 
(a 248 km section of 57 artificial stretches and dams). Phosphorus input 
sources include one agricultural watershed (diffuse source) and towns 
(main-point sources). The sedimentary amounts (about 10,000 tonnes of 
bioavailable P) were for potential sources for eutrophication processes 
in the lower course (Dauta et al., 1999). 
Phosphorus in runoff from agricultural land is an important 
component of non point source pollution and can accelerate 
eutrophication of lakes and streams. Long-term land application of 
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fertilizer and animal wastes as phosphorus source resulted in elevated 
levels of soil P in many locations in USA. Problems with soils high in P 
are often aggravated by the proximity of many of these areas to P 
sensitive waterbodies, such as the Great Lakes, Chesapeake and 
Delaware Bays, Lake Okeechobee and the Everglades (Daniel et al, 
1998). 
Application of Purila rockphosphate (containing 12% P2O5) in 
acid laterite ponds at the rate of 350 kg ha-^  with 1,125kg ha-^  lime 
(calcium oxide containing 71% Ca) and 135 kg ha-i urea (containing 46% 
N) increased the phytoplankton population and phosphorus 
concentration in water more effectively than either superphosphate 
(16% P2O5) or diammonium phosphate (18% and 45% P2O5) applied 
alone. Lime antagonized the growth promoting potentiality of 
nutrients. Lime synergistically affected the potentiality of Purila rock 
phosphate (350 kg ha-i) and urea (135 kg ha-i) in survival and yield of 
fish. Lime was reported to reduce the toxicity of urea (Sarkar, 1991). 
P- CYCLE 
The P fertilizer application rates affected the total P 
concentrations and total P loads in runoff during rice season and by 
drainage during winter wheat season. The total P loads in both the 
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cases increased the P application rate. The total P losses to surface water 
were higher during wheat season as compared to rice season. The P 
losses were affected by annual precipitation and evaporation rate. In 
dry season with high evaporation, the P losses were reduced due to 
reduced drainage flow and runoff. The soil texture, profile and field 
construction affected the P loss (Cao and Zhang, 2004). 
The input and outj^ut pathway, fluxes, characteristics and 
temperature increasing responses of phosphorus cycle was observed in 
the East Lake of Linhai City (China). An increase in chlorophyll-a, 
reduction in water transparency and DO were found related with total 
phosphorus in water. Thus the nutrient status of kike was suggested to 
be indicated through these measurable parameters (Zhou et al., 2004). 
The Fe/Al bound phosphorus, and organic phosphorus had 
significant correlations with amorphous Fe/Al oxides and organic 
matter in the sediments of Lake Taihu and Lake Chaohu (China). The 
Ca-bound phosphorus connections were related with total organic 
carbon concentrations. Increase in pH weakened the association of 
phosphates with Fe/Al hydroxides resulting in the release of bound 
phosphorus and thus pH induced phosphorus mobility in the 
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sediments of those anthropogenically disturbed lakes (Huang et ai, 
2005). 
POTASSIUM - KINETICS AND ROLES 
Potassium, a major plant nutrient, is the most abundant element 
in soils but its content in them varies widely. Hence its native supplies 
in soils need to be supplemented at places with potassium fertilizer for 
successful crop production. Potassium exists in soil in structural, non-
exchangeable, exchangeable and water soluble forms. However, these 
forms of K are not homogenously distributed in soils. Both 
exchangeable and water soluble K are usually regarded equally 
available to plants, there exists considerable variation in the amount of 
water soluble K as a proportion of exchangeable K. Potassium has 
important role in several enzymatically catalyzed reactions, stomatal 
resistance, transpiration, uptake of water, nutrients and sugars, and 
imparts resistance to various stresses. Potassium feasibly induces 
resistance to pests by enabling the plan to accumulate phytophenols 
(Sekhon, 1999). Substantial crop responses to potassium fertilizers have 
also been observed in India. The potassium deficiencies need to be 
corrected to meet the growing demand of agricultural produce with 
increasing population. However, India's dependence on imports of 
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potassium fertilizers needs to be more planned and of economical use of 
fertilizer (Sekhon, 1999). 
ENVIRONMENTAL VARIABLES 
(a) Light and Turbidity 
The hydrodynamic activity in Lake, Taihu (China) was found to 
be an important link between nutrient concentrations and sediment 
resuspension, as well as under water light intensity and primary 
production (Qin Boqiang, 1999). In Izmir Bay (Turkey) the bulk or 
inorganic phosphate in summer resulted from the suspended sediment 
in the inner part of the bay. Th(i inadequate light conditions due to high 
turbidity presumably affected the recycling of phosphate and it was 
rather transported to the middle part of the bay where it enhanced the 
formation of phytoplankton bloom (Bizsel et al, 2001). 
The light is completely absorbed by the planktons of the top few 
meters letting too little light to penetrate the thermocline zone and 
beyond to support photosynthesis. The rain of detritus into the deep 
waters requires oxygen for its decomposition. The deep water cut off 
from the air develops an oxygen deficit (Howarth et al, 2000). The 
oxygen deficit in the bottom releases locked phosphorus in the 
sediments. Eutrophication in an estuary is largely altered and governed 
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by climate change due to interactions with nutrient loading and 
physical circulation (Howarth et ah, 2000). 
(b) Oxygen, Temperature, pH 
The largest lake of Japan, Lake Biwa did not show any change in 
the COD level despite water quality improvement efforts. The BOD 
however, improved but the eutrophication of the lake still continued as 
there is no improvement in nitrogen concentration level (Matsui, 2004). 
In the River Bret (England), a significant long-term decline in 
dissolved oxygen (DO) over the period between 1955-98 is reported. 
The total oxidized nitrogen and SRP also increased. DO also decreased 
in summer. The macrophyte accounted for 45% of the community 
respiration while the sediments for 36% (Parr and Mason, 2004). The 
precision application technology has a potential to decrease negative 
water quality impact (Harmel et al, 2004). 
In Neuse River Estuary (USA), the anthropogenic N inputs from 
expanding urban, agricultural and industrial developments caused 
algal blooms and in turn increased organic matter loads capable of 
causing extensive low O2 (hypoxic) and depleted O2 (anoxic) conditions. 
The hypoxic and anoxic conditions induced mortality of macrophytes as 
well as resident fin and shell fish (Paerl et al, 1998). 
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In Mansarovar Lake in India, maximum phytoplankton density 
was observed during winter with minimum temperature, conductivity, 
pH and chloride contents of the lake water (Kulshreshtha et al, 1989). 
The discharge of sewage and drainage water has resulted in the change 
in temperature, pH and metal concentrations of a monsoon fed 
freshwater pond in Coimbatore in India (Francis et al., 1997). The 
temperature of 30°C was most favourable for algal growth (Shen-Dong 
Sheng and Shen, 2002). 
The acidic pH has been reported to promote growth of Spirodela 
pohjrrhiza at a faster rate (Aziz and Mobina, 1999; Ansari, 2005). The pH 
6.0 was found most suitable but the growth retardation in Spirodela 
pohjrrhiza was noted below the pH 6.0 and/or above 9.0. The low pH 
also affected the chlorophyll-b formation (Aziz and Mobina, 1999). 
The pH is an important limiting factor both in aquatic and 
terrestrial ecosystems. The change in pH is directly related with the 
availability and absorption of nutrients from solution. Ionization of 
various electrolytes is influenced by pH. The phosphate absorption is 
accelerated at an acidic pH (Devlin and Witham, 1986). 
Temperature influences the lake fertility most. The nutrient 
loading in cold lakes fails to make it eutrophic. A relatively high influx 
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of nutrients from the watershed is logged into the toxic mud under an 
oxygen rich hypolimnion. A large volume of water implies a large 
oxygen reserve. Thus the deeper lakes retain oxygen in the hypolimnion 
all summer, even if the surface waters are fertile. The deep lakes, 
therefore, retain the oligotrophic properties despite significant nutrient 
loading from the watershed. In hypereutrophic shallow lake of Vienna 
(Austria) the cyanobacterial population was favoured on abundant 
nutrient availability after the disappearance of macrophytes and 
zooplanktons during high temperature in summer (Colinvaux, 1993). 
IMPACT ON ECOSYSTEM STRUCTURE AND FUNCTION 
(a) Cyanobacteria 
Alberche River (Spain) characterized by variation in nutrient 
content was found to have varying cyanobacterial community 
composition in the upstream and downstream sites. The anthropogenic 
influences led to the increase in nutrients principally soluble reactive 
phosphate in River Alberche (Perona et al., 1998). 
Nitrogen deficiency was detected in all mesocosms of the Lake 
Ontario, Canada fertilized for 10-12 weeks with similar amounts of P 
but different amounts of N, Total N : P supply (LN : Lp) ratios (fertilizer 
plus nahiral input) ranged from 8 :1 to 50 : 1 . The LN : Lp ratio detected 
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in these mesocosms were <17:1. In the fertihzed mesocosms, N2-fixing 
Anabaena gained dominance only in late summer. Cryptophytes and/or 
chlorophytes dominated littoral mesocosms at all N:P ratios, while 
Pseudoanabaena catenata, a non heterocystous cyanobacterium, was the 
late summer dominant in pelagic mesocosms with LN: LP ratios 17:1. It 
was felt that feasibly nitrogen limitation resulted in the blooms of 
N2-fixers or derived productivity down to the sediment surface where 
N was excessively available (Levine and Shindler, 1999). 
(b) Diatoms 
In the sediment core of a small eutrophic Lake White Lough 
(Ireland), the data and trends in diatom-inferred total phosphorus 
concentration (studied between 1978-1983) closely followed the 
monitored concentrations. There was period of accelerated 
eutrophication between 1973 and 1979 due to reduced hydraulic 
flushing of the lake in a dry period and a sudden increase in the 
sediment phosphorus release rate. It was inferred that the meso-to 
eutrophic lakes with hydraulic residence time round a year may be 
susceptible to this type of accelerated eutrophication (Brian et nl, 1997). 
(c) Macrophytes 
Nutrient dynamics have been found crucial in bloom processes 
53 
but they have been poorly addressed. The pond with bloom of 
Microcystis aeroginosa showed significantly higher concentrations of 
orthophosphate. It was suggested that organic matter caused anoxic 
status and induce higher APA (Chunlei et al, 2004). 
During summers, in dried runoff of an eutrophic reservoir was 
dominated by two macrophyte groups. The group was either 
dominated by Polygonum amphibium or by Gnaphalium uliginosum. The P 
accumulation in both the stands was lesser than its release rate in 
contrary to the N accumulation rate which was higher than the release 
rate (Kleeberg and Heidenreich, 2004). 
The highest ash values were obtained for rhizome and roots of 
Phragmitis australis, Typha anguistifolia, T. latifolia and Schoenoplectus 
lacustris. Highest N content was recorded in Phragmitis inflorescence 
and high P in inflorescence of T. latifolia (Nikolic et al, 2003). 
Three duckweeds namely, Lemna perpusila, Spirodela polyrrhiza 
and Wolffia arrhiza were cultivated in 18 plastic sinks containing 80 L of 
water (Charged once with 6.648 kg of anaerobically fermented 
cowdung). Duckweeds were harvested at 48 hours intervals. Media 
total N concentration of Lemna and Wolffia gradually increased with 
time. Growth of Spirodela ceased within 4 days but Lemna and Wolffia 
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continued to grow upto 34 days. Biomass yield was significantly higher 
in Wolffin than Leinun. Dry matter yield was almost similar in Leiimn and 
Wolffia. The N content was non-significantly higher in Leiiiiia than the 
other two species. Utilization efficiency of CP was 273% for Wolffin, 
314% for Leiiina and only 1.5% for Spirodeln. The production 
performance of these duckweeds was in the order of Lcinnn^Wotffin ^ 
Spirodeln (Chowdhury et ni, 2000). '^ 
f some aquatic plants and ,' j* In a study to compare the sensitivities of 
crustaceans, the Leiiuin minor was found far more"sensiLive Tlian 
Sdcnestrum cnpncorniituni (Blinova, 2004). 
Higher temperature, phosphate concentration and addition of 
glucose increased the number of fronds and turions of Spirodeln 
pohjrrliiza in vitro. At more than 30 |.iM initial phosphate the STY 
(Specific Turion Yield i.e. total turions formed by one frond) increased 
at lower temperature (15 "C) and became independent of the phosphate 
concentration between 10 and 30 |.iM. The STY at higher temperalure 
(25 "Q increased at lower phosphate levels. The stimulatory effects of 
lower temperature were more pronounced than lower phosphate 
concentration (Appenroth, 2002). 
In Pi deficient conditions, the Spirodeln oligorrliizn had higher Pi 
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uptake activity than in Pi sufficient conditions (Nishikori and 
Okuyama, 2004). 
(d) Nutrient and Vegetation Cover 
In three shallow lakes in Tsukaba (Japan), Trapa japonica (as 
compared to other species) was found well adapted to a wide range of 
nutrient levels. This species forms an environment with a steeper 
extinction of light, higher dissolved organic carbon (DOC) 
concentrations, lower dissolved oxygen (DO) near the bottom and 
lower concentrations of nitrate + nitrite and soluble reactive 
phosphorus (SRP). The pH was much higher in a Polygonum amphihium 
community and the DO near the bottom did not decrease as compared 
to T. japonica community in the summer. The relationship between 
chlorophyll and the limiting nutrient significantly differed with lakes 
with and without submerged vegetation (Noriko et ah, 2003). 
Water in the greater metropolitan area of Istanbul (Turkey) is 
supplied from the six main reservoirs. About 73 to 97% of the catchment 
areas of these reservoirs are covered with agricultural lands, forests and 
meadows. Only a minor percentage (1-26%) of the catchments of these 
reservoirs is occupied by the human settlements and industries. In 
current environmental evaluation, diffuse sources, fertilizers and 
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pesticides were found to have significant negative impact on water 
quality in terms of eutrophication and toxicity (Tanik et al, 1999). 
(e) Competition constraints 
The fronds of Lemna were enclosed in tubes to avoid competition 
with algal growth and self shading of fronds. The tube diameter was 
consistently increased. The RGR of hemna reached optimal values 
(RGR>0.3 day-i) when not hampered by algal growth. The RGR and 
chlorophyll of fronds reduced to 29-55% and 91-97% when grown in 
competition with algae (Sandor et al, 2003). 
BIOINDICATORS 
Water quality of the shallow, mesotrophic and macrophyte 
dominated lake Kaljasjarvi (Finland) has been monitored at three to 
four year intervals since 1978. The total phosphorus (TP) concentrations 
typically varied between 20-25 |ig P L-i. The sedimentary diatom 
assemblages since 1980 indicated increased eutrophic conditions 
(Tommi and Valpola, 2003). On the basis of chlorophyll concentration 
and its derivatives in the sediments, the Szczecin Lagoon (Poland) was 
classified as permanently eutrophic while Pomeranian Bay and 
Bornholm Deep (Poland) as mesotrophic. The nutrients, salinity, 
temperature of near bottom waters and organic carbon in the sediments 
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verified these conclusions (Kowalewska et al, 2004). 
In Saaremaa Island, Estonia, the diversity of macroalgae and 
other aquatic plants was influenced greatly. The water body has 68 taxa 
of vascular plants including 14 species of obligate water plants, 18 
amphibious plants and 36 taxa of terrestrial plants Ranunculus aquatilis, 
Berula erecta and Alisma plantago-aquatica preferred N compound. The 
Lemna minor, Veronica anagalis-aquatica, Agrostis Stolonifcra var. prorepens 
preferred higher contents of P. Cladophora rivularis preferred both higher 
N and P contents. Ulothrix zonata grew in low pH (Trei and Pall, 2004). 
In higher turbid area with nutrient rich backflow from adjoining 
river channel in the spring Myriophyllum spicatum, Elodea canadensis, 
Vallisnaria americana and Potamogeton pulcher were dominant. In calcium 
and magnesium carbonates and bicarbonates rich water having low 
turbidity, the Chara vulgaris was dominant (Schincariol et al, 2004). 
The blooms of cyanobacteria had been previously identified as 
the most specific symptoms of cultural eutrophication in the Lake 
Okeechobee (USA). A large data set relating total phosphorus to 
chlorophyll-a were used to index the occurrence of blooms (Havens and 
Walker, 2002). 
The colony disintegration in Lemna paucicostata may serve as 
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sensitive biomarker for phyotoxicity test (Li and Xiong, 2004). The 
potentiality of Lemna minor as biological indicator of high 
mineralization and trophic state (N-NOJ has been worked out by 
Onaindia^^fli. (2006). 
CONTROL MEASURES AND RECOMMENDATIONS 
Human activities are often the origin of nutrient enrichment and 
main cause of eutrophication of water bodies. Several countries have 
addressed the issue by implementing a range of technologies, legislative 
and biological measures, 
(a) Biological Control 
Eutrophication caused by phosphorus (P) leads to water quality 
problems in aquatic systems, particularly freshwater, worldwide. 
Processing of nutrients in shallow habitats removes P from water 
naturally. Periphytons influence P removal from the water column in 
lotic waters and wetlands. Periphytons play several roles in removing P 
from the water column, including P uptake and deposition and filtering 
particulate P from the water. Periphyton photosynthesis locally 
increases pH by upto 1 unit, which can lead to increased precipitation of 
calcium phosphate, concurrent deposition of carbonate-phosphate 
complexes and long-term burial of P. In general, periphytons tend to 
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increase P retention and deposition (Dodds-Walter, 2003). 
Aquatic macrophytes like Eicchornia crassipes and Salvinia 
auriculata cause significant reduction of nitrogen and phosphorus 
compounds in water. This information was felt helpful in developing 
adequate management strategy for aquatic macrophytes to check the 
eutrophication process in Imboassica Lagoon (Petrucio and Esteves, 
2000). 
Abe et at. (2002) collected the aerial macroalga Trentipholia aurea 
from Japan and investigated its removal characteristics of nitrate, 
nitrite, ammonium and phosphate ions. The 1.5 times higher biomass 
was recorded in medium with sufficient N and P source than in 
ordinary medium. The macroalga had a potential of 37% of nitrite and 
32% of nitrate removal from the wastewater (Abe et al., 2002). 
The Phragmitis communis and Zizania latifolia efficiently absorbed 
N and P and thus these two species were found to play an important 
role in the purification of wetlands receiving non-point source 
pollutants. The harvesting of these species took away 463-515 kg hm-2 of 
N and 127-149 kg hm-2 of P each year. This amount of N and P is 
equivalent to the discharge from 2.3 - 3.2 hm2 and 1.3 - 3.0 hm2 of fields 
respectively in this area. The absorption and decomposition capacity of 
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Z. latifolia wetland is higher than P. communis wetland (Jiang et al, 
2004). 
The duckweeds were used to treat effluent from shrimp farm and 
found to remove nutrients effectively. Red tilapia has high potential of 
nutrient removal. The duckweed effectively remove ammonia 
(Ruenglertpanyakul et al, 2004). 
Duckweed species have been reported to be promising 
macrophytes for wastewater treatment. Duckweeds were recommended 
for the wastewater treatment containing high amounts of ammonia. The 
duckweeds increase the degradation of organic material (Sabine ct al, 
2003). 
The Lemna minor has been found to be effective in the removal of 
N and P in enriched waters. The effect of Lemna in P and N uptake and 
plant growth was measured for two weeks as grown Plexiglas reactors 
(1600 ml) to the mass balance model. It was worked out that L. minor 
efficiently removed 7% of N and 10% of P by uptake (Smith et al, 2004). 
The roots of Lemna minor played important role in NO^  reduction 
despite large foliar uptake (Cedergreen and Madsen, 2004). 
The wetlands with floating Lemna gibba were constructed to treat 
wastewater from various sources. The suspended solid and organic 
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matter removals were the highest. The nitrogen removal increased with 
higher nitrogen loads. The phosphorus removal was negligible (Ran 
Noemieffl/., 2004). 
Phytoremediation 
In freshwater bodies, the phytoremediation has been suggested to 
be effective in reducing the toxicity of waters caused by micro-
organisms releasing ammonia and sulphide during degradation of 
protein released from food industries (Jones, 2001). 
The phosphate decline during spring in Izmir Bay was found 
associated with abundant phytoplankton population. The phosphorus 
uptake by phytoplankton was suggested to be mainly responsible for 
the phosphate removal (Bizsel et al., 2001). Nutrient processing in 
shallow habitats naturally removes P from water. The periphyton 
photosynthesis locally increases pH upto 1 unit which in turn increases 
precipitation and deposition of calcium phosphate and carbonate-
phosphate complexes (Dodds Walter, 2003). 
(b) Mechanical Control 
(i) Nutrient Monitoring and Mathematical Models 
Many eutrophication problems can be addressed by preventing 
the abnormal growth of blue-green and other undesirable algae. One 
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measue for controlling eutrophication is an installation of aeration and 
circulation equipment, the "Current Control System" which controls the 
inflow of river and surface water. The efficiency of conventional 
aeration and circulation is boosted by controlling the vertical 
distribution of water temperature with this system. Field experiments 
were carried out on current control in a dam reservoir and the effects of 
current control to improve the water quality of reservoirs were 
examined by simulation using a modified one dimensional model. 
Parameters of this model were determined by experiments in several 
reservoirs. The current control system was found effective but its 
aeration was suggested to be stopped in flood period and turbid water 
should not be raised to surface when resuming aeration (Niwa et al, 
1997). 
Application of material flow analysis methodology for nitrogen 
balance was used in Krka river (Slovenia). It was found that besides 
effluents from wastewater treatment plants, agriculture also contributed 
significantly to the total annual nitrogen load. Besides reduction of 
point sources by means of wastewater collection and nutrient removal 
technology, the management of agricultural nitrogen in order to protect 
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river water quality and drinking water supply was the major challenge 
(Drolc ct ai, 2001). 
A continuous monitoring of pH, P04-phosphorus, total 
phosphorus, Kjeldahl nitrogen, N02+N03-nitrogen, total nitrogen, 
chlorophyll-a concentration and sechhi depth of lake Ringsjon was 
conducted since the mid 1960s. New sewage water treatment 
techniques were put into operation in the late 1970s to improve 
worsening water quality of the lake. Few years later new 
recommendations were given to the farmers about the use of fertilizers 
to further decrease nutrient loads to the lake (Bergman, 1999). 
The variability in the treatment of sewage sludge containing 
varying concentrations of the nutrient resulted iiito different degree of 
'mpact in runoff waters. The anaerobically digested and thermically 
stabilized sludge increased the NITi-N and particulate phosphorus 
concentrations in runoff waters while the limed sludge did not induce 
any significant effect on nutrient concentrations in runoff. Tlie 
availability of N and P from sludge amended soil and their transfer in 
runoff was deemed to lead eutrophication of bound stream surface 
water (Quilbee^fl/., 2005). 
High precision oxygen isotope analysis could not establish to 
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relative sources of phosphorus enrichment from waste water treatment 
plant and phosphate based fertilizers or even phosphate builders in 
detergent as studied in Western France (Gruau et al, 2005). 
A simple GIS based model best fitting for Greens Burn Catchment 
(Scotland) has been developed to predict P exports from catchments. 
The model innproves effects of topography, soil type, climate and land 
use patterns (Murdoch et al, 2005). 
The addition of ocher and calcium nitrate pellets (OCN) slowly 
released calcium and nitrate, together with ocher, into the sediment 
water interface. The sediments without any ocher treatment released 
phosphate flux of 10.82 mg m-2 d-^  and sediment with OCN treatment 
released lesser phosphorus fluxes. The nitrate in this case acted as 
electron acceptor for organic matter degradation. It also prevented the 
dissolution of phosphate bound to iron oxide. An increase in pi I wilii 
nitrate reduction caused calcium binding to phosphate. The effective 
reduction of phosphate released due to the synergism of calcium nitrate 
and ocher (Na and Park, 2004). 
To control the eutrophication, the phosphorus in surface runoff 
water was controlled in the wetland of Hovi, Finland. The P sorption by 
Al (ox) played an important role in the first phase of removal of P 
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because wetland retained P efficiently under anoxic conditions. The fine 
textured mineral soil in the bottom of wetland efficiently retained the P 
from agricultural runoff (Liikanen et ah, 2004). 
A surfactant chemical cocamidopropyl betaine (CAPB) had high 
inhibition efficiency, high biodegradability and low cost. The half life of 
the surfactant in sea water was less than one day and 90% of the 
surfactant degraded in 5 days. This surfactant may be used to mitigate 
harmful algal blooms (Sun et al., 2004). 
It is felt that lakes with a long retention time require 
ecotechnological devices to reduce nutrient content. The acidification by 
pyrite oxidation and acid rain has to be controlled by acid neutralizing 
technologies. Alkaline chemicals are used for soft waters. The inflow of 
soft water at the bottom of some mining lakes sterilize stratification. 
Destratification is the most used technology (Helmut, 2003). 
HEM-3D (Hydrodynamic-Eu trophic Model-3-Dimensional) 
Model is a general purpose modelling package for simulation of flow 
field, transport and eutrophication processes throughout the water 
column. The excessive loadings of organic wastes have been found to 
significantly deteriorate water quality conditions of Korean coastal 
waters of Kwang-Yang Bay (Park et al, 2005). 
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The principal component analysis (PCA) using coefficient of 
linear regression was found appropriate to workout relationship 
between analytical variables. In this analysis, the first principal 
component was found linked to the trophic potential and second to the 
trophic level (Parinet et al, 2004). A deterministic P diagenetic model 
(SPIEL) has been developed for sediments of eutrophic lakes to predict 
P release after carrying out in-lake measures. This model is helpful in 
analysis of biological and chemical processes in the sediments. The 
main module of this model calculates the P-cycle within the sediments. 
Other submodules for aerobic layer thickness, Fe-S cycle, P-sorption 
capacity, change in porocity, P-concentration etc. can also be 
accommodated. Thus it was possible to create measure-specific model 
by combining different modules. The model has been calibrated and 
verified (Schauser et al, 2004). 
Nitrogen balance sheets are useful tools for quantitative nutrient 
analysis. Nitrogen balance sheets in crop production and the 
agricultural sector showed a surplus of 60 kg N per hectare of 
agricultural land (Hoek and Klass, 2001). 
Accurate estimation of land-derived nitrogen loads are important 
thrust areas owing to worldwide eutrophication of estuaries. In 
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Waquoit Ba)' (USA), Nitrogen Loading Model (NLM) was found 
appropriate for watersheds with mixed agricultural and residential land 
uses. NLM has been used to pn.'dict the percentage of nitrogen loads to 
estuaries contributed by wastewater, and compared this prediction to 
the 15N signature, distinguishable from N derived ijom atmospheric or 
fertilizer sources (Valiela et al, 2000). In Western Europe, agriculture is 
one of the major contributors to the pollution of ground and surface 
waters. Some suitable leaching models (with varying parameters and 
complexities) were suggested for the prediction of nitrate-N losses to 
the environment in a number of fields in the Wijlegem catchment in 
Flanders, Belgium (Edwin et al, 2003). In Southern Sweden, the spatial 
analysis revealed strongest correlation between inorganic nitrogen and 
land use. The concentrations of different phosphorus species were 
highly correlated to soil texture (Arheimer and Liden, 2000). 
A dynamic two layer mass balance model for fertilizer P was 
developed for culturally eutrophic Onondaga Lake, New York and 
tested for the May 1987 through 1990 period. The model accommodated 
key processes in the lake's phosphorus cycle, including settling of the 
particulate fraction of total phosphorus (Doerr et al, 1996). In Florida, 
experiments conducted in lake Okeechobee showed strong correlation 
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between total phosphorus and chlorophyll-a (Havens et al, 2002). 
The "Law of Minimum" (LM) states that plant growth is limited 
by a single resource at any one time, the "Multiple Limitation 
Hypothesis" (MLH) proposes that optimum plant behaviour results 
from balancing resources costs and benefits so that all resources limit 
plant growth simultaneously. Fronds of Lemna minor were grown in 
nutrient solutions with increasing levels of four nutrients: nitrogen, 
phosphorus, potassium and magnesium. Neither LM nor MLH 
adequately predicted plant responses to all these nutrients. It is 
concluded that a "nutrient-specific" analysis, considering the biology of 
each mineral nutrient rather than grouping plant resources as a whole, 
is more appropriate than general models in understanding plant 
responses to nutrient availability (Gerardo et al, 2003). 
Spatial distribution of nutrient and phytoplankton variables is 
often illustrated using categorical mapping of each variable. However, 
the eutrophication can't be assessed from a single parameter since a 
synthesis of environmental variables related to eutrophication is 
required. These shortcomings are further complicated since it is difficult 
to discriminate between distinct trophic states alongwith natural 
environmental gradients. A methodological procedure for quantitative 
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assessment of eutrophication at a spatial scale was examined in the Gulf 
of Saronicos (Greece) based on a thematic map of each variable. The 
synthesis of categorical maps for assessing eutrophication at a spatial 
scale was proposed as a methodological procedure appropriate for 
coastal management studies (Kitsiou and Karydis, 2000). 
Ion Exchanger Method 
The waste water treatment in the fertilizer factory in Kutina 
(Croatia) was carried out by an ion-exchange process using ion 
exchangers. The treated, wastewater retained only 8.7 mg L-^  of 
ammonium nitrogen and 7.0 mg L-^  of nitrate nitrogen (Leakovic et al, 
2000). 
Simplex Method 
Certain coagulants like ferric sulphate, aluminium sulphate and 
polyaluminium chloride have been used to coagulate and remove 
phosphorus from the water body. Over 87% P removal efficiency was 
recorded under this technique. The orthophosphate removal efficiency 
of each coagulant was higher than the total phosphorus. The maximum 
removal efficiency of total phosphorus on optimizing the procedures for 
ferric sulphate, aluminium sulphate and poly aluminum chloride was 
87.3%, 95.6% and 94.0% respectively {Wangetal, 2005). 
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(ii) Watershed Management 
The water quaUty management programmes under Best 
Management Practices (BMPs) were implemented in New York as part 
of an effort to control eutrophication of Cannonsville Reservoir 
supplying drinking water under the BMP programme. The dairy farms 
were targeted to reduce P losses. This programme included manure 
management rotational girazing and improved infrastructure. The 
multivariate analysis of covariance (ANCOVA) demonstrated overall 
load reductions of 43% total dissolved phosphorus (TDP) and 29% 
particulate phosphorus (PP) (Bishop et al, 2005). 
The reduction strategies for nitrogen (WATER SN) model was 
evaluated to assess management strategies for reducing nitrogen loads 
before east coast estuaries of USA (Casco Bay, Long Island sound, 
Chesapeake Bay and Pamlico Sound). The management strategies 
included reduction in emission and deposition of N from fossil fuel 
burning, mobile NOx eimission, N-treatment in wastewater and 
agricultural N-inputs. The biological removal of N in wastewater 
treatment reduced 32-57% N loading. Reduction in agricultural loading 
varied from 5-56%. Since there are multiple sources of N and therefore a 
N management strategy for multiple sources will effectively reduce N 
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loads to estuaries (Whitall et al, 2004). 
It has been hypothesized that the timing of fertilizer application 
relative to irrigation regulated P concentrations in runoff and 
infiltrating water. In factorial experiment conducted on small patches of 
irrigated bays growing perennial pastures revealed that delayed time 
gap should be maintained between P fertilizer application and 
irrigation of perennial pastures (Bush and Austin, 2001). 
In Australian coastal lagoon systems, the rainfall patterns 
sporadic, nutrient inflows are common. The modeling demonstrated 
that the existing loading lagoons were expected to increase the 
vulnerability of lagoons to increase nutrient loads (Webster and Harris, 
2004). 
(c) Public Awareness 
Wastewater reclamation and reuse can be a suitable strategy for 
maintaining the quality of natural waters. Reuse of reclaimed water for 
agriculture and landscape irrigation as well as for environmental 
enhancement offers an adequate strategy for preserving natural water 
systems from eutrophication (Sala and Mujeriego, 2001). 
In Denmark, the first action plan for the aquatic environment 
drawn up in 1987 aimed at 50% reduction in nitrogen emission to 
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aquatic environment by 1993. In the second action plan adopted in 1988, 
the reduction target was postponed until 2003. The measures adopted 
were the establishment of slurry tanks of nine month storage capacity 
and obligation to grow winter crops on 65% of the area. An action plan 
for sustainable agriculture was adopted in 1991 imposing restrictions on 
the equal utilization of fertilizers and manure, obligation for farmers to 
submit nitrogen accounts to the Ministry of Agriculture but these 
measures were insufficient to reduce nitrogen load (Grant and 
Mathiesen, 2004). 
Australia relied heavily on public education. Two public 
education campaigns, one within the Murray-Darling Basin in its town 
called Albury-Wodonga and the other within the Hawkesbury-Nepean 
Basin in the western suburbs of Sydney, were carried out. The results 
were positive and it was concluded that campaigns such as 
"Phosphowatch"' can provide a long-terms, cost effective way of 
addressing eutrophication if the problem is focussed at source and a 
community support is created for an integrated strategy (Howard and 
McGregor, 2000). 
There are a number of decision support systems (DSS) that 
provide advice on the application of inorganic fertilizers and organic 
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manure to farmers. It was suggested that DSS should be based on 
dynamic models. However, DSS is needed to be developed particularly 
for organic wastes, grassland systems and fruits (Falloon et ai, 1999). 
(d) Legislation 
In 1998, Netherlands government introduced a new manure 
policy in order to combat pollution of the environment by an excess 
supply of nutrients in agriculture. This policy is based on a mineral 
accounting system (MINAS) at the farm level and is focused mainly on 
nitrogen. MINAS came into force by an alteration of the law on 
fertilizers. In MINAS, chemical nitrogen fertilizers are included, because 
the use of these fertilizers contributes in the same order of magnitude to 
nitrogen surpluses as the application of animal manure. It was felt that 
by implementing MINAS, surface waters may eventually be protected 
against eutrophication and the ground water quality improved (Van 
den Brandt and Smit, 1998). 
The regulatory and non-regulatory programmes have been 
developed by US Environmental Protection Agency (USEPA) to control 
water pollution. The Clean Water Act defined concentrated animal 
feeding operations as point sources and all other agricultural sources 
were considered non point sources and thus not regulated under 
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federal law. There is provision of Coastal Zone Act Reauthorization 
Amendments of 1990 for non point source management of USA. For 
waterbodies that continue to be impaired despite the basic 
implementation of these laws and other programmes, states are 
required to develop a total maximum daily load (TMDL). The TMDL 
process is the quantitative basis for reaching water quality standards. 
The USEPA is putting a new emphasis on controlling nutrient pollution 
sources to meet the goal of the Clean Water Act (Roberta, 1998). 
Agriculture, particularly livestock agriculture is receiving 
increasing public scrutiny due to non-point source phosphorus (P) 
pollution and eutrophication. Much of today's situation may be 
attributed to system level trends in specialization and intensification 
that result in excess P entering livestock farms. Balancing P at the 
farmgate represents a necessary step for long-term soil and water 
quality protection. Source management seeks to immobilize P in the 
environment by reducing soluble P in manure, targeting P application 
to the soil with high retention capacities, and managing soil P. 
Transport controls employ an understanding of loss or transfer 
mechanisms to avoid P application on areas with high transport 
potential. P transport potential can be reduced by reducing tillage. 
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terracing and stream buffers. (lost effectiveness must be considered in 
agricultural management strategies to minimize P export (Sharpley et 
al, 2001). 
INFERENCES FROM THE REVIEW 
All freshwaters are connected by interflow from one water 
compartment to another. The rates of retention, or overturn, of water in 
each compartment, namely the atmosphere, rivers, lakes and ground 
water are the major determinants of both freshwater system 
classification and management strategies. Management implies 
manipulation to achieve some defined beneficial condition relevant to 
societal requirements. These social groups interact directly in the 
management function including the scientific, public and political 
communities. It is only when these three entities function in harmony 
that comprehensive management of natural systems can truly occur. 
Political concern over water management and indeed, all environmental 
management, is driven by policies largely derived from the influence 
exerted by many groups and organizations with vested interests in 
advancing their own purpose or agendas. Once policies are established 
and implemented by legislation and the bureaucracy, management 
possibilities and public funding then become focused, and the flexibility 
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to deal with other issues might be largely lost. The pursuit of 
knowledge through scientific research is a major victim of policy 
changes and short-term changes in the priorities of funding allocation. 
In is now clear that the scientific community and the public need a 
greater awareness of the manner in which the system functions as a 
whole, and now they can ensure that their collective opinions are used 
to greater effect in the determination of public policy and consequent 
management of freshwater systems (Thomas, 2004). 
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Materials and Methods 
MATERIALS AND METHODS 
SELECTION OF SITE 
Seasonal variation of selected duckweeds was studied in a 
rainfed pond located about 500m south of University Campus. The 
pond is called as "Lai Diggi Pond". The pond existed before the 
foundation stone of the vast university campus was laid down in 1875 
AD. However, the depth and area of the pond consistently decreased 
with the expansion of the main city of Aligarh and the university 
campus (Fig. 1). This pond is a rainfed pond and lias a very vast area of 
catchment from southern, eastern and western sides. The main cause of 
reduction in the depth of the pond was socio-economic change and 
pattern of human settlement in and around its catchments. Due to the 
socio-economic changes, constant removal of silt in dry season for 
various purposes stopped several decades ago. The recharging of pond 
was reduced due to raised roads along western and southern margins 
which had several hectares of catchment area of about 17.56 hectare 
Jawahar Park (on western side) and a far more larger area on its 
southern bank (now developed into government colonies and private 
mansions). Jawahar Park has a large area under cultivation of large 
number of seasonal and perennial ornamental plants with a sale outlet. 
Fig. 1. Map of northern part of city (only a part) showing the location of Lai 
Diggi Pond and its catchment area. Inset shows the outline map of the 
Aligarh city. 
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Figure 1 
For the past 40 years, large amounts of fertilizers mainly N, P, K are 
used by the park authorities (Department of Horticulture, Government 
of Uttar Pradesh, India) for raising the plants. Since, major quantity of 
rain water is drained into the selected pond from this park, therefore 
the NPK content has consistently increased in the pond during past 40-
45 years. The increased nutrient enrichment and reduced water 
quantity in the pond promoted the growth of aquatic plants and 
brought the water body under natural succession. The rainwater from 
southern catchment of this pond is being diverted through by-pass 
drains. Monthly studies were conducted to study the qualitative and 
quantitative variation in the selected duckweed population and other 
selected aquatic plants. 
SELECTED SPECIES 
Experiments were conducted with two common duckweeds 
namely Lemna minor (L.) and Spirodela pohjrrhiza (L.) Shield, belonging 
to the family Lemnaceae. 
Botanical Description (Pandey, 1997) 
(a) Lemna minor (L.) 
Habit: Very small, least differentiated angiosperms, aquatic, floating in 
fresh waters. 
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Diversity and distribution : Widely distributed in both temperate and 
tropical parts of both hemispheres except in arctic regions. 
Morphology : Dorsiventral scale like shoots, green in colour, body size 
2-10 mm, leafless, flat green shoot functions as leaf, plant body easily 
differentiated into a basal portion with two lateral pockets from which 
the branches arise, single adventitious root on ventral surface of the 
flattened stem, few multilayered sheaths as root cap visible to unaided 
eyes. 
Internally shoot consists of spongy parenchymatous cells with 
large or small air spaces continuing upto stomata on the upper surface, 
single median vascular bundle, vascular bundle simple in structure. 
Inflorescence; Flowers rarely develop in temperate zones, 
inflorescence simple and arises in the pocket. 
Flower: Plants monoecious, flowers unisexual, without perianth 
(naked). Male flower with single stamen, filament stout bearing a pair 
of dithecous anther-halves, pollen grains spherical, covered with small 
warty outgrowths. Female flower with single carpel, pistil flask shaped, 
short funnel shaped stigma, ovary unilocular, 1-6 basal, erect, 
orthotropous or almost anatropous ovules. 
Fruit: Inconspicuous, usually one seeded. 
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Seed : Seed with thick fleshy outer and thin inner coats. Embryo with a 
large cotyledon surrounded by scanty endosperm. 
Pollination : By wind, water or animals. 
Propagation : New plant bud arises from the pockets on either side of 
the parent plant and eventually breaks apart. Rarely reproduces by 
seed. Lemna minor can reproduce itself about every third day under 
ideal conditions in nutrient rich waters. 
Importance of Plant : Food for fish and waterfowl and habitat for 
aquatic invertebrates. Because of its high nutritive value, duckweeds 
have been used for cattle and pig feed in Africa, India and Southwest 
Asia. They are also used to remove nutrients from sewage effluents. 
(b) Spirodela polyrrhiza (L.) Schleid. 
Habit : Very small (larger than Lemna minor), least differentiated 
angiosperms, aquatic, floating in fresh waters. 
Diversity and distribution : Widely distributed in both temperate and 
tropical parts of both hemispheres except in arctic regions. 
Morphology : Dorsiventral scale like shoots, leafless, plant body 
(thallus) functions as leaf, oval to oblong and has 5-12 distinct veins, 4-
12 mm long, thallus glossy green (darker than Lemna minor) and smooth 
on upper surface and reddish purble on the lower surface, 4-16 slender 
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fibrous roots hang below the surface of water from each plant, each root 
ends with a pointed root cap. 
Internally shoot consists of spongy parenchymatous cells with 
large or small air spaces continuing upto stomata on the upper surface, 
single median vascular bundle, vascular bundle simple in structure. 
Inflorescence: Flowers rarely develop in temperate zones, 
inflorescence simple and arises in the pocket. 
Flower: Plants monoecious, flowers unisexual, without perianth 
(naked). Male flower with single stamen, filament stout bearing a pair 
of dithecous anther-halves, pollen grains spherical, covered with small 
warty outgrowths. Female flower with single carpel, pistil flask shaped, 
short funnel shaped stigma, ovary unilocular, 1-6 basal erect, 
orthotropous or almost anatropous ovules. 
Fruit : Inconspicuous, usually one seeded, ribbed seed develops in a 
balloon like bag (utricle). 
Seed : Seed with thick fleshy outer and thin inner coats. Embryo with a 
large cotyledon surrounded by scanty endosperm. 
Pollination : By wind, water or animals. 
Propagation: Reproduces quickly by asexual budding. 
Importance of plant: Provides a high protein food for ducks and geese, 
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also eaten by certain fish in Africa and Asia, it is harvested for cattle 
and pig feed. The duckweed grows quickly in warm and nutrient rich 
water. The species is also used to remove nutrients from sewage 
effluents (phytoremediation). 
Systematic position of Lemna minor and Spirodela pohjrrhiza : 
(Pandey, 1997) 
Engler and Prantl 
(1931) 
Phanerogams 
Monocotyledonae 
Spathiflorae 
Lemnaceae 
Bentham and Hooker 
(1862) 
Phanerogams 
Monocotyledons 
Nudiflorae 
Lemnaceae 
Hutchinson 
(1959) 
Angiospermae 
Monocotyledons 
Corolliferae 
Arales 
Lemnaceae 
CULTURE OF SELECTED SPECIES 
The plants of both the species were collected with the help of tea 
strainer from the fresh water bodies near the university campus and 
civil line area of AHgarh. The plants were then brought to laboratory 
separately in plastic bags and cultured in large (of 40 cm diameter, 25 
cm depth and 19 litre capacity) earthen pots. The pots were filled with 
15L of tapwater. After a lagphase of 24 hours, 15 ml macronutrient 
(Hoagland) solution (Mahadevan and Sridhar, 1986) was added in 
culture pots. The total 15L volume of water in the earthen pots was 
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maintained every 24 hour with tap water. The pure culture of single 
duckweed was separately maintained by regular removal of any other 
duckweed appearing in the pure culture (Plate-1). 
Table (A). Stock solution of macronutrients (Hoagiand solution). 
Macronutrients 
NH4H2PO4 
KNO3 
Ca(N03)2 
MgS04.7H20 
gL-^  
0.23 
1.02 
0.492 
0.49 
NPK solutions and treatments 
Huge amounts of NPK are being applied by the nearby Jawahar 
Park authorities in their nurseries for seasonal and perennial plants. The 
NPK utilization consistently increased from 1960 to 2005. The park is 
the major catchment area of the Lai Diggi Pond. The consistent increase 
in nutrient input through rainwater was believed to have promoted the 
growth of aquatic plants since 1980s and caused water blooming in 
varying months of the year. The duckweed responses to varying 
proportions and quantities of NPK used in varying years were studied 
in small earthen (19 L capacity) pots and 180 ml capacity polyvenyl 
cups. Five doses of varying concentrations of NPK, proportionate to the 
quantities used in the years 1961-62,1970-71,1980-81,1990-91 and 2000-
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Plate 1 shows the culture of two duckweeds maintained for the experiments 
in large earthen pots 
(A) Earthen pot showing culture of Lemna minor 
(B) Earthen pot showing culture of Spirodela polyrrhiza 
Plate-1 
01 were used to treat the two selected duckweeds. Following table 
shows the relative proportions of NPK corresponding to their 
consumption rates in varying years. 
Table (B). Amount of NPK fertilizers (in thousand tonnes) used in 
varying years (Anonymous, 1997-98). 
Year 
1961-62* 
1970-71 
1980-81 
1990-91 
2000-01* 
iVithin parenthesis -
N 
250 (73.52%) 
1500 (68.00%) 
3700 (67.00%) 
8000 (64.00%) 
10920 (65.30%) 
per cent of the total N 
P2O5 
61 (18.23%) 
500 (22.70%) 
1200 (21.00%) 
3200 (25.60%) 
4215 (25.20%) 
PK consumed in a ei 
K2O 
28 (8.23%) 
200 (9.00%) 
600 (10.90%) 
1300 (10.40%) 
1567 (9.30%) 
ven year 
* Data source - Anonymous, 2002 
Table (C) Amount of respective fertilizers (g 100 mH tapwater) to 
prepare 1.0% solution for the treatments. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
N 
0.735 
0.680 
0.670 
0.640 
0.653 
P 
0.182 
0.227 
0.210 
0.256 
0.252 
K 
0.082 
0.090 
0.109 
0.104 
0.093 
The 1.0% NPK solutions (proportionate to their consumption rates in 
five selected years) were prepared according to the Table (C) and 
further diluted to 0.1%, 0.01%, 0.001% and 0.0001%. Thus in total 4 
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concentrations of NPK each of five selected years were used for 
treatment of two selected duckweeds in earthen pots. 
To - Conti-ol (only tap water) 
Ti-0.0001% 
T2-0.001% 
T3-0.01% 
T4-0.1% 
Each treatment had three replicates. 
Similar concentrations of NPK singly and in combination of two or all 
three fertilizers were used for the treatment of selected duckweeds and 
their responses in polyvenyl cups. In polyvenyl cups, following seven 
combinations of fertilizers were taken for each year: 
N, P, K, NP, PK, KN and NPK. 
DATA RECORDING AND STATISTICAL ANALYSIS 
The data collected on different parameters were analysed 
statistically as under:-
Mean(X) 
The arithmatic mean or simple mean or the so called average 
value, was easily computed by taking the sum of a number of values 
(Xi, X2, X3, Xn) and dividing it by the total number of values (n) 
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involved, thus, 
X,+X,+X,+ X, 
X 
n 
orX = ^ 
n 
where, Xi, X2, X3, Xn are the observations 
n, is the total number of observations involved 
Standard Deviation (S.D.) 
Standard deviation or the standard range of observations is the 
positive square root of the average of the sum of the squares of 
deviations of all observations from their mean. Symbolically S.D. for 
small samples (less than 30 replicates) was computed as 
SD^i (X-XJH(X-X,y +(X-X3)^ + (X-XJ^ 
V n - 1 
where, X = mean of the observations 
Xi, X2, X3, Xn = observations 
n = number of observations involved 
Per cent variation (P. V.) 
To show and compare relative variability of two or more sets of 
measurements entirely in different units, P.V. was calculated. Per cent 
variation of any parameter (a unitless number) measures the magnitude 
of variation present between the means of control and any given 
treatment relative to the control. 
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P.V.= t - t , 100 
where, to = mean of control 
tx = mean of any treatment (to to t4) 
Least Significant Difference (L.S.D.) 
The value limiting the ultimate random deviation is called as the 
least significant difference. It is abbreviated to L.S.D. If the empirical 
difference d=or>LSD, it is significant and if d<LSD, it is nonsignificant. 
The least significant difference was applied for unifactor and bifactor 
experiments and computed as follows:-
(i) Unifactor experiment 
Step-1 Construction of data table for 5 treatments and 3 
replicates. The data were compiled such that, each treatment occupied a 
column and their replicates were arranged in rows. 
Table (D). Construction of data table for 5 treatments and 3 replicates 
(for unifactor experiment) to compute LSD. 
Rows 
(Replicates) 
Ri 
R2 
R3 
Column (Treatments) 
To 
Ai 
A2 
A3 
Ti 
Bi 
B2 
B3 
T2 
Ci 
C2 
C3 
Ts 
Di 
02 
D3 
T4 
El 
E2 
E3 
Total of rows 
(Replicates) 
Ai+ Ei = Xi 
A2+ E2 = X2 
A3+,,. ,E3 = X3 
Squares of 
total of rows 
iW 
(X2)2 
iW 
Total of column (Y) = Ai + A3 = Yi, Bi + B3 = Y2, Ci +... .C3 = Y3 
Di+ D3 = Y4,Ei+ E3 = Y5 
Yi+ Y5 = Xi+ X3 = Wx 
88 
Squares of totals of columns (X)^ = (Yi)2+(Y2)2+(Y3)2+(Y4)2+(Y5)2 = WY 
Sum of squares (Ai)2+...(A3)2, (Bi)2+.. .(63)2, (Ci)2 +.. .(C3)2, (D,)2 +.. .(03)2, (Ei)2 +.. (£3)2 
of total of column (^2) = Zi, = Z2 , = Za, = Z4, = Z5 
Zi + Z5 = Wz 
Step-2 Correction Factor (C.F.) 
(Grand Total)^ CF = 
CP_(W,) 
t.r 
2 
t .r 
where, t = number of treatments 
r = number of replicates 
Wx = grand total 
Step-3 Total Sum of Squares (SSQT) This is the sum of squares of all the 
values in the table less the correction factor 
SSQT = Wz - CF 
Step-4: Sum of Squares of Treatments (SSQt) 
W SSQt= ^ ^ - C F 
r 
Step-5 Sum of Squares of rows or Replicates {SSQr) 
W SSQr= ^ - C F 
Step-6 Sum of Squares of Error (SSQE) 
SSQE = SSQT - (SSQt + SSQr) 
Step-7 Estimated Variance of Error (MSE) 
MSE = ^^^^ ( t- l )(r- l) 
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Step-8 Least Significant Difference {L.S.D.), based on ordinary t-test 
LSD at 5% level = , p ^ . ( t value at 5% level) 
LSD at 1 % level = , p ^ . ( t value at 1 % level) 
(ii) Bifactor experiment 
Step-1 Construction of data table for a total 25 treatments (5 
concentrations of fertilizer 'A' x 5 growth stages in days 'B') and 3 
replicates. The data were compiled such that each treatment occupied a 
row and their replicates were arranged in column (Table E). 
Step-1 Correction Yactor [CI) 
f ^ (3230)^  
( tAxtB) . r ( 5 x 5 ) . 3 CF = - i ^ ^ ^ = i ? ? ^ =139105.33 
where, tA = number of treatments of factor A 
tB = number of treatments of factor B (days) 
r = number of replicates 
Wx = grand total 
Step-3 Total Sum of Squares {SSQT} This is the sum of squares of all the 
values in the table less the correction factor 
SSQT = Wz - CF = 168200 - 139105.33 == 29094.67 
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Step-4 Sum of Squares of Treatments {SSQt) 
W 504046 
SSQt= -!-^-CF = -139105.33 = 28910.00 
Where, r = number of replicates or rows 
Step-5 Sum of Squares of rows or Replicates (SSQr) 
SSQr = W, 
^ A X ^ B 
.CF = '^ ^^^^^^-139105.33 =44.91 
5x5 
Where, tA = number of treatments of factor A (fertiUzer treatment) 
tB = number of treatments of factor B (days) 
Step-6 Sum of Squares of Error (SSQE) 
SSQE = SSQT - SSQt - SSQr 
= 29094.67 - 28910.00 - 44.91 = 139.76 
Step-7 Determining sums for main effects (fertilizer treatments and 
days) and their interaction {Table F). 
Table (F). Determining sums for main effects (NPK treatments and 
days) and their interaction. 
Days (B) 
Day-3 
Day-5 
Day-7 
Day-9 
Day-11 
Sums (A) 
Squares of 
totals of 
columns 
(A)2 
Treatments of NPK (A 
To 
34 
42 
51 
52 
54 
233 
54289 
Ti 
36 
44 
54 
56 
59 
249 
62001 
T2 
41 
51 
62 
66 
70 
290 
84100 
T3 
36 
44 
54 
54 
55 
243 
59049 
) 
T4 
25 
22 
0 
0 
0 
47 
2209 
Sums (B) 
172 
203 
221 
228 
238 
172 + 238 
= 1062 
Squares of totals 
of rows (B)2 
29584 
41209 
48841 
51984 
56644 
29584 + 56644 
= XB2 or 228262 
54289 +.... 2209 = XA2 or 261648 
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Step-8 Sum squares of main effects {fertilizer treatments and days) and 
their interaction. 
Sum square of treatment A 
SSQtA= ——CF = 261648 _ 239^ Q5 33 = _i2i662.13 
tg .r 5x3 
Sum square of days B 
SSQtB = ^ ^ - C F = ^^^^^^-139105.33 = -123887.86 
t^ .r 5x3 
Sum of squares of interaction AB 
SSQtAB = SSQt - (SSQtA + SSQtB) 
= 28910 - (- 121662.13 - 123887.86) = 274459.99 
Step-9 Estimated variance of error (MSE) of main effects and their 
interaction. 
MSEA=^^Qi^ = ^12166113 _ 3 ^ ^ ^ 3 33 
(tA-1) 5 - 1 
MSE.= ^^^^^^^l^=-30971.97 
(tB-1) 5 -1 
MSEAB = - - ^ Q i ^ - = - 2 Z 4 4 5 ^ . ,7,53.75 
( t A - l ) ( t B - l ) ( 5 - l ) ( 5 - l ) 
MSE(error) - — — — - - — — - " 2.912 
( t A - t B - l ) ( r - l ) 24x2 
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Step-10 Least Significant Difference based on ordinary t-test (LSD) 
x^T^ |2MSE(error) , , , ^„,, ,, 
LSDA = -^  • (t value at 5 % level) 
5x3 
^ ^ ^ 2MSE (error) , , ^„,, ,, 
LSDB = ^  . (t value at 5% level) t^.r 
(221^^x2.00=1.246 
5x3 
X ^ ^ /. . V |2MSE (error) , , ^„,, 
LSDAB (interaction) = J !^  ^. (t value at 5% level) 
^2^-^:^x2.00 =2.787 
, ^ ^ 2MSE (error) ^ , ^„^, ,^  
LSDA = ^ ^. (t value at 1% level) 
V t„ .r 
5x3 
- ^-^ 2MSE (error) , , , „ , , 
LSDB = '^  ^. (t value at 1% level) 
t^.r 
(221^x2.66=1.657 
5x3 
X T^^  /. . X 2MSE (error) , , ^„,, 
LSDAB (interaction) = J ^  ^. (t value at 1 % level) 
(^^^^x2.66 =3.706 
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PARAMETERS STUDIED 
1. Water Analysis 
(a) Turbidity 
(b)pH 
(c) Dissolved Oxygen 
(d) Nitrates 
(e) Phosphates 
(f) Potassium 
2. Growth parameters 
(a) Population growth 
(b) Chlorophyll content 
(c) Dry weight of plants 
(d) Net Primary Productivity 
3. Plant Analysis (Nutrient uptake) 
(a) Nitrogen content 
(b) Phosphorus content 
(c) Potassium content 
TECHNIQUES OF WATER ANALYSIS 
At the termination of experiment nutrient solution of each pot 
was analysed following Trivedi et al. (1987) to estimate pH, dissolved 
95 
oxygen, nitrates, phosphates and potassium contents. 
Turbidity - Gupta (2004) 
Turbidity was determined with the help of Nephelometer or 
Turbidimeter. 
Reagents 
Solution (a) - 1 g of hydrazine sulphate was dissolved in distilled 
water to prepare 100 ml of solution. 
Solution (b) - 10 g of hexamethylene tera amine was dissolved in 
distilled water to prepare 100 ml of solution. 
5ml of each of the solutions (a and b) were mixed in a 100 ml 
volumetric flask and was allowed to stand for 24 hours at about 25"C. 
The solution was diluted with distilled water to the mark. This stock 
solution had 400 NTU (Nephelometric Turbidity Unit). 10 ml of this 
stock solution was diluted to 100 ml with distilled water and a standard 
solution of 40 NTU was prepared. 
Nephelometer was set at 100 using 40 NTU standard solution. In 
doing so, every percent on the scale was equal to 0.4 NTU turbidity. 
Each sample was shaken thoroughly and taken in nephelometric 
sample tube to find out the value on scale. Turbidity was calculated 
using the following formula. 
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Turbidity (NTU) = Nephelometer reading x 0.4 x dilution factor 
pH 
The pH was determined with the help of pH meter (Elico, Elico 
Ltd., Hyderabad, India). The pH meter was dipped in double distilled 
water (DDW) for 24 hrs and calibrated with standard buffer of known 
pH (6.0 to 9.5) before use. 
Dissolved Oxygen (DO) 
Water samples were filled in glass stoppered bottles of known 
volumes (100 - 300 ml). Care was taken to avoid bubbling or trapping 
of air bubble after placing the stopper. 1 ml each of MnS04 and alkaline 
KI solution was added below the water surface along the walls using 
separate pipettes for each reagent. A brown precipitate appeared and 
indicated the presence of oxygen. Content was shaken well by 
repeatedly inverting the bottle and keeping for sometime to let the 
precipitate settle down. 2.0 ml of concentrated H2SO4 was added and 
shaken again to dissolve the precipitate. Within an hour, few drops of 
starch (used as indicator) were added to 100 ml of this solution and 
titrated against sodium thiosulphate solution until dark blue colour of 
solution changed to colourless. Dissolved oxygen was calculated using 
the following formula: 
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(ml X N) of sodium thiosulphate X 8 X 1000 , 
^ VJ(V,-V)/VJ ""^ 
where, Vi = volume of sample bottle 
V2 = volume of content titrated 
V3 = volume of MnS04 and KI added (2 ml) 
Reagents 
(i) Sodium Thiosulphate Solution (0.025N):- 24.82 g of 
Na2S03.5H20 (AR Grade) was dissolved in preboiled distilled 
water and volume was made upto 1 litre. One pellet of NaOH 
was added to stabilize. This O.IN stock solution was again 
diluted four times to get 0.025N solution and stored in a 
brown glass bottle, 
(ii) Alkaline Potassium Iodide Solution:- 100 g of KOH (AR 
Grade) and 50g of KI were dissolved in 200 ml of preboiled 
distilled water, 
(iii) MnS04 solution :-100 g MnSO.i.4H20 (AR Grade) was added 
to 200 ml of distilled water and heated to dissolve maximum 
salt. The solution was filtered after cooling, 
(iv) Starch solution:- 1 g starch was added to 100 ml of distilled 
water and heated for complete dissolution, 
(v) Concentrated sulphuric acid (H2SO4). 
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Nitrates 
50 ml of filtered water sample was taken in a conical flask. To 
avoid the interference of chloride, silver sulphate solution (1 mg 1-^  of 
cr = 1 ml AgS04 solution) was added and heated slightly. AgCl 
precipitate was filtered. The filtrate was evaporated to dryness. After 
cooling, the residue was dissolved in 2 ml phenol disulphonic acid. 
Volume of the contents was made upto 50 ml with DDW and 6 ml of 
liquid ammonia was added to develop a yellow colour. Absorbance of 
the colour was read at 410 nm wavelength with the help of Spectronic-
20 spectrophotometer (SL171, Elico Ltd., Hyderabad, India). Nitrates 
were calculated from the standard curve. Standard curve was prepared 
between concentration of nitrates (from 0.0 to 1.0 mg L-^  at the interval 
of 0.1 mg) and absorbance at 410 nm wavelength. Ammonium sulphate 
[(NH4)2S04] was used as NO3-N source for the standard curve. 
Reagents 
(i) Phenol Disulphonic Acid :- 25 g of white pure phenol 
(Distilled) was added to 150 ml concentrated H2SO4. 85 ml of 
concentrated H2SO4 was further added to it and heated for 2 
hours on steam bath. This solution was kept in a dark bottle. 
(ii) Silver Sulphate Solution :- 4.4 g of Ag2S04 (AR Grade) was 
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dissolved in distilled water and the volume was made to 1 
litre, 
(iii) Liquid Ammonia 30% 
(iv) Standard Nitrate Solution (Img N/L):- 0.722 g of KNO3 was 
dissolved in distilled water to prepare 1 litre solution. This 100 
mg N/L solution was diluted to 100 times to prepare a 
solution having 1 mg N/L (10 ml - 1000 ml). 
Phosphates 
50 ml of filtered water sample was taken in a conical flask, 2 ml of 
ammonium molybdate solution and 5 drops of stannous chloride were 
added. A blue colour developed due to the presence of phosphates, 
absorbance of which was read at 690 nm wavelength on Spectronic-20 
spectrophotometer using distilled water as a blank with the same 
amounts of chemicals as in case of samples. The absorbance was read 
on spectrophotometer 5 minutes after adding stannous chloride but not 
later than 12 minutes. The concentration of phosphate was calculated 
with the help of standard curve. The standard curve was plotted in the 
range of 0.0 to 1.0 mg L-^  of PO4 using potassium dihydrogen 
orthophosphate (as PO4-P source) at the interval of 0.1 mg. 
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Reagents 
(i) Ammonium molybdate solution:-
(a) 25 g of ammonium molybdate was dissolved in 175 ml distilled 
water. 
(b) 280 ml of concentrated H2SO4 was added to 400 ml of distilled 
water and was cooled. 
Solution (a) and solution (b) were mixed and the volume was 
made to 1 litre, 
(ii) Stannous Choride Solution :- 2.5g of stannous chloride was 
dissolved in 100 ml glycerol by heating on a water bath, 
(iii) Standard Phosphate Solution :- 4.388g of predried anhydrous 
potassium dihydrogen orthophosphate (KH2PO4) was dissolved 
in distilled water and volume was made to 1 litre. This solution 
was diluted to 100 times (10 - 1000 ml). 
Potassium 
The estimation of potassium was carried out directly with the 
help of flame photometer (Photo Electric Instruments Pvt. Ltd., 
Jodhpur, India) using appropriate filter and standard curve by taking 
known concentration of potassium. A stock solution of 1000 ppm of K 
was prepared by dissolving 1.908 g potassium chloride (KCl) in 1 litre 
101 
DDW. Diluted solutions containing 2, 5, 10, 15 and 25 ppm of K were 
prepared from the stock solution. The standard curve was prepared by 
plotting the flame photometer reading against concentration of 
potassium. The samples of various doses for NPK estimations were 
diluted as and when required before estimations. 
Reagents 
(i) Stock Potassium Solution:- 1.908g of KCl (predried at 110"C) 
was dissolved in distilled water and the volume was made to 
1 liti-e. 
(ii) Intermediate Potassium Solution (100 mg/L):- The stock 
solution was diluted to 10 times (100 ml to 1000 ml), 
(iii) Standard Potassium Solution (10 mg/L):- The intermediate 
solution was diluted to 10 times (10 ml to 1000 ml). 
GROWTH PARAMETERS 
Population Growth 
(i) Field Studies (Sampling) 
The samples of floating macrophytes were collected with the help 
of a nylon mesh mounted on a wire frame of 25^10 cm^ (40'^ ^ part of 
lm2) from three places in the pond. The samples were immediately 
transferred to small polyvenyl bags along with small volume of pond 
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water. In laboratory, the samples were kept in enamel trays. The trays 
were tilted for about 10 minutes to drain the water. The samples were 
kept on blotting sheets and total fresh weight was obtained. 5g of this 
fresh samples (of all replicates) was weighed and spread on water filled 
6" Petridishes. All selected species of duckweeds (Lemna, Spirodela and 
Wolffia if any) were separated with brush in separate Petridishes and 
their total numbers were counted. The values were projected for their 
total number m-2 as follows:-
Total Number m-2 = x 40 
5 
Where, TFW= Total fresh weight in 25x10 cm^ area 
N = Number of respective duckweeds in 5g fresh weight 
40 = size of sampling quadrat (25x10 cm^) as fraction of lm2 
(ii) Laboratory Experiments 
Population growth of Lemna minor and Spirodela pohjrrhiza was 
determined by counting the individuals at 3'^'^, 5*, 7*, 9* and 11* day of 
(at 48 hrs interval between two successive stages) growth stage. The day 
of inoculation was considered as day 1 '^. 
Chlorophyll content 
The chlorophyll content was extracted following the method of 
Hiscox and Israelstam (1979). 100 mg of fresh plant material was 
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weighed and kept in 10 ml Dimethyl Sulphoxide (DMSO). The test 
tubes were then kept in an incubator at 55°C for an hour to facilitate the 
extraction of chlorophyll into the solution. The optical densities were 
taken at 645 and 663 nm wavelength on Spectronic-20 
spectrophotometer and chlorophyll (Chl-a, Chl-b and total Chlorophyll) 
content was calculated following Arnon (1949). 
_ 12.7(O.D.663)-2.69(O.D.645)xV 
Chlorophyll a (mg g-^  fresh tissue) 
Chlorophyll b (mg g-^  fresh tissue) 
1000 xw 
22.9(O.D. 645) - 4.68(O.D. 663) x V 
1000 xw 
„ . _ , . ,, , w , ,. , 20.2(O.D.645) + 8.02(O.D,663)xV 
Total Chlorophyll (mg g-' fresh tissue) = ^ ^ 
1000 xw 
Where, V = total volume of chlorophyll extract in DMSO 
W = fresh weight of plant tissue (g) 
OD = optical density of samples at 645 and 663 nm wavelengths. 
12.7, 2.69, 22.9,4.68, 20.2 and 8.02 are the dilution factors. 
Dry weight of plants 
The duckweed samples collected from the selected water body 
under study and those of the experiments were dried in an oven at 80"C 
for 24 hours and weighed on a electric balance. 
(1) Dry weight of field samples 
The fresh weight of each component duckweed was obtained 
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separately, marked ar\d dried at 80°C in oven for 24 hours and weighed. 
The values were projected for total dry weight of each component 
species m-2 as follows 
FW X TFW TDW = ^ ^ ^ ^ x40 g m-2 5 ^ 
Where,TDW = Total Dry weight of a component duckweed 
FW = Fresh weight of component duckweed in 5 g fresh weight 
TFW = Total fresh weight of samples (25x10 cm )^ 
40 = Size of sampling quadrat (25x10 cm )^ as fraction of lm2 
(ii) Dry weight of laboratory samples 
Oven dried samples (at 80°C for 24 hrs) of selected duckweeds 
were weighed separately. 
Net Primary Productivity (NPP) 
This parameter was studied only for the field samples. NPP was 
calculated by dividing the m-2 dry weight increment (difference in dry 
weight) of selected duckweed between the two consecutive 
measurement periods (by number of days). The annual productivity of 
each duckweed was calculated by summation of all positive monthly 
values for that duckweed. The method was initially proposed by 
Weigert and Evans (1964) as modified by Lomnicki et al. (1968) and 
followed by Khan (1983) for terrestrial communities e.g. NPP of Lemna 
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for the month of August was computed as follows:-
-2 -2 
Dry weight for the month of August (g m ) - Dry weight for the month of July (g m ) 
NPP (August)= 
31 
61.32-12.79 , , T 
31 ^ 
NPP of Lemna for August = + 1.57 g m-2 d-^  
Nutrient Uptake 
To determine the nutrient uptake of plant, the plant samples from 
each concentration were dried in oven at 80°C for 24 hours and 
powdered. The powdered sample was passed through a 72 mm mesh 
screen and digested according to Lindner (1944) for the estimation of 
nitrogen/ phosphorus and potassium (N, P, K). 100 mg of powdered 
sample was taken in a 50 ml Kjeldahl flask. 2ml of concentrated H2SO4 
was added to it and heated for two hours. After two hours, the mixture 
turned black. It was cooled in for 15 minutes and then 0.5 ml of 
chemically pure 30% H2O2 was added drop by drop. The H2O2 addition 
was repeated (if required) until a clear solution was obtained. The 
volume of digested material was made to 100 ml in a volumetric flask 
by DDW. 
(a) Estimation of nitrogen content 
The nitrogen was estimated following the method of Lindner 
(1944). A 10 ml of aliquot of digested material was taken in a 50 ml 
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volumetric flask. 2 ml of 2.5N sodium hydroxide and 1 ml of 10% 
sodium silicate solution were added to neutralize acid and prevent 
turbidity. The volume was made 50 ml by DDW. 5 ml of this solution 
was taken in 10 ml graduated test tubes and 0.5 ml of Nessler's reagent 
was added. The final volume was made 10 ml by DDW. The absorbance 
of the solution was determined after 5 minutes at 525 nm wavelength 
on Spectronic-20 spectrophotometer. A blank was prepared by taking 
0.5 ml of Nessler's reagent, 2 ml of 2.5N NaOH and 1 ml of 10% sodium 
silicate in 10 ml graduated test tube and the final volume was made to 
10 ml with DDW. 
A solution for standard curve was prepared by dissolving 5 mg of 
ammonium sulphate by dilution method in 100 ml DDW. From this 
solution 0.1, 0.2, 0.3....1.0 ml were pipetted to ten 10 ml graduated test 
tubes. The solution in each test tube was diluted to 5 ml with DDW. In 
each test tube 0.5 ml Nessler's reagent was added and the final volume 
was made upto the mark with DDW. After five minutes, the absorbance 
was read at 525 nm wavelength on spectrophotometer. Standard curve 
was plotted using different concentrations of ammonium sulphate 
solution versus absorbance and with the help of this standard curve, the 
amount of nitrogen present in the sample was determined. 
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(b) Estimation of phosphorus content 
Phosphorus content in digested material was estimated following 
the method of Fiske and Subbarow (1925). A 5 ml aliquot from each 
sample was taken in 10 ml graduated test tubes. To each test tube 1 ml 
of moybdic acid was added carefully followed by the addition of 0.4 ml 
of 1-amino 2-naphthol 4-sulphonic acid. The blue colour appeared and 
the volume was made 10 ml with DDW. This was shaken for 5 minutes 
and then transferred to a cuvette to observe the absorbance at 625 nm 
wavelength on Spectronic-20 spectrophotometer. A blank was run with 
each set of determination. The blank was prepared with 1 ml of 
molybdic acid and 0.4 ml of 1-amino 2-naphthol 4-sulphonic acid with 
10 ml final volume made with DDW. 
A solution for standard curve was prepared by dissolving 351 mg 
of KH2PO4 in 500 ml of DDW to which 10 ml of ION sulphuric acid was 
added and final volume was made to 1000 ml with DDW. From this 
stock solution, different concentrations ranging from 0.1, 0.2, 1.0 
ml were taken in ten 10 ml graduated test tubes. In each test tube 1 ml 
of molybdic acid and 0.4 ml of 1-amino 2-naphthol 4-sulphonic acid was 
added and final volume was made upto the mark. After five minutes, 
absorbance was read at 625 nm wavelength on spectrophotometer. The 
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standard curve was plotted using different concentrations of KH2PO4 
against the absorbance. With the help of this standard curve the amount 
of phosphorus present in the sample was determined. 
(c) Estimation of potassium content 
The potassium content was estimated directly with the help of 
flame photometer (Photo Electric Instruments Pvt. Ltd., Jodhpur, India) 
using appropriate filter and standard curve. A 10 ml of peroxide 
digested material was taken. A blank (DDW) was also set for 
determination. For the standard curve 1.908 g of KCl was diluted to 1 
litre. The resulting solution was 10 ppm of K. From this stock solution 1, 
2, 3, 10 ml solutions were transferred to different plastic vials. The 
solution in each vial was diluted upto 10 ml with DDW. The diluted 
solution of each vial was run separately. Standard curve was prepared 
using different concentrations of KCl solution versus readings on the 
scale of flame photometer. The amount of potassium present in the 
sample was determined with the help of standard curve. 
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Observations 
OBSERVATIONS 
Seasonal dynamics in selected water body 
The seasonal variation of two floating duckweeds namely Lemna 
minor and Spirodela pobjrrhiza was studied in a mesocosm near 
University Circle. It is a small pond called as "Lai Diggi Pond" (Fig. 1.). 
It is a rainfed pond. Until last two decades, the human settlements 
around Lai Diggi pond were sparse but now its eastern side is densely 
populated. The western and southern sides have about 80 and 60 ft 
wide roads respectively. In past twenty years, the roads have been 
raised. The raised roads acted as weirs and the rainwater from its 
northern and western catchments could not fully drain into the pond. 
Its water recharging capacity has thus reduced substantially. With 
selected parameters a qualitative and quantitative study of the seasonal 
dynamics (at monthly interval) in this pond was carried out with 
special reference to the density of Lemna minor and Spirodeln pohjrrliizn. 
During the course of this study, the margins of this pond were raised 
again and a by-pass drain was constructed around its coast lines and 
thus the water level consistently reduced and finally dried. This 
mesocosm is completely dried since May 2004. 
Qualitative Studies :- The field observations were carried out in last 
weeks of every month and recorded in a field note book. 
April 2003 
In the month of April, the water level in the pond at various 
places varied between 2-4 ft. About 7-8 m widc^  moist and marshy 
northern coastline was occupied by Typha angustata. Eastern marshy 
coastlines (18-20 ft wide) had denser population of Typha angiisfatn. On 
the southern side, the grasses occupied 12-15 m wide area from the 
margin. South-western side had a patch of Typha angustata but on the 
western side the pond was open. Thus the existing water body was 
surrounded by Typha angustata from northern, oaslern and soulh-
western sides and by Paspalum paspaloides from the southern side. The 
main water body on its eastern margin was covered with water-
hyacinth {Eicchornia crassipes) (Plate 2A). The water-hyacinth was in the 
mature and drying stage. The open area of water was covered with 
duckweeds on the western side and south-western side. The duckweeds 
were in the mature stage and at places most of them dried and formed 
slime body (Plate 2B). About 50-100 cm of water level was recorded at 
about 5 m inside of the western coast of this mesocosm. The water 
appeared to be dirty. 
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Plate 2. 
(A) Excessive growth of water hyacinth on eastern margins of selected 
water body in the month of April 2003. 
(B) Mature and drying stage of duckweeds on western margin with 50-100 
cm of water depth in the month of April 2003. 
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Plate-2 
May 2003 
The duckweeds, on the western side of the pond ahnost 
completely dried. The water level at places in this area was maintained 
between 50-100 cm. The water-hyacinth almost completely dried. The 
Typlm nngustata and Pnspnlum paspnloides occupied larger area on its 
northern and southern margins. But their density was reduced in the 
harvested areas on southern side. The Typha angustatn and Paspnliiiit 
pnspaloides harvested by local farmers and used for making mats and 
cattle feed (Plate 3). 
June 2003 
The water level in the month of June was very low and varied 
from 25 cm to a little over 60 cm. There was no duckweed and water 
hyacinth, iherc were patches of lyplia niigitslnlit on moist eastern coasl 
and upto the centre of pond and similarly upto 12-15 cm on the 
northern coast. However, density of the T. angustata further reduced 
due to intense harvesting. The T. angnsinin on eastern side started 
drying while on south-western side it was still green. Fhe water receded 
and left eastern and northern sides as moist. About 20-30cm of southern 
margin turned to be marshy. 
Plate 3. 
(A) Harvesting of Typha angustata and Paspalum paspaloides at large scales 
in the month of May 2003. 
(B) Small scale (occasional) harvesting of Typha angustata as cattle feed. 
B 
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Plate-3 
July 2003 
The pond was recharged due to downpour in its catchments. The 
water level increased upto 90-110 cm with lesser density of duckweeds. 
Among the two selected duckweeds, the Spirodela polyrrhiza was more 
abundant (+++) than Lemna minor (+). The Typha angustata started 
sprouting again. The dried margins along the coast lines as recorded in 
preceeding month became marshy again. The water body swelled and 
water filled area increased. Besides in the centre of pond, the patches of 
duckweeds were seen between the patches of T. angustata sp. on the 
eastern, northern and south-western sides of the pond. 
August 2003 
The water surface was covered with duckweeds. The density of 
duckweeds increased in this month as compared to July 2003. The water 
level further increased upto 90-150 cm. In this month, the population of 
Lemna minor increased (+++) noticeably and Spirodela polyrrhiza only 
marginally (++++) as compared to the visual density of the last month. 
The water filled area of the pond was about iy2 thnes larger than in the 
July 2003. The density of Typha angustata on eastern margins and on 
southern margin increased. The central part of the pond was free from 
any floating, submerged or rooted submerged plants. In this month. 
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some diatoms and blue-green algae (details not covered in this study) 
were also noted to be present on coastal sides. 
September 2003 
The water level and area of water body continued to be very 
high. From southern and eastern coast of the pond the water was upto 
1-2 m, about 20-30 cm above the water level recorded in the month of 
August. The density of Lemna minor and Sprodela polyrrhiza decreased 
as compared to the density recorded in the month of August. For the 
first time, some small patches of Wolffia arrhiza were also noted on the 
shallow coastal sides. The blue-green algae and diatoms also continued 
to be present. 
October 2003 
In the month of October 2003, the water level at some place 
receded. The total water body size declined slightly. In addition to 30-50 
cm dried southern and eastern coastlines, the water from northern coast 
also receded upto V2 m from margin. Similarly, on western side, the 
water receded to about Vi-l m inside. Eventually the total area and 
volume of the water body reduced as compared to the area noticed in 
the last month. The density of both the duckweeds reduced 
substantially and started disappearing from a larger portion of the 
114 
existing water body. The duckweeds were limited in ~ 4m x 5-6m 
patches in open water area and between the patches of Typha angustata 
on the eastern and south-western sides. Some small patches of Wolff in 
arrhiza were also recorded. 
November 2003 
Reappearance of duckweeds was seen on the margins of open 
water body. The central part of the water body was almost devoid of 
duckweeds. A few small patches of approximately (~ 25x30 cm to 50^50 
cm2 sizes) of Wolffia arrhiza were also recorded on the shallow and 
marshy margins of pond. The individuals of W. arrhiza were sparsely 
placed. The presence of algae and diatoms caused greenish appearance 
of water on the north-western and western coasts of the pond. The size 
of water body was maintained as in the month of October. 
December 2003 
The water surface appeared to be open due to absence of 
duckweeds. The Typha angustata was in its bloom on north-eastern and 
eastern sides. Paspalum paspaloides grew predominantly on southern 
side. South-western coast had dominant Typha angustata. The water in 
this month appeared to be more turbid and dirty feasibly due to the 
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death of duckweeds. Slight reduction in the size of water body was 
noticeable. 
January 2004 
The duckweeds mainly consisted of Spirodela polyrrhiza (++) with 
the rare occurence of Lemna minor (R). Relatively denser patches of 
grasses were recorded. The water body size reduced further than in the 
months of November and December. The north-western part showed 
marshy or dried patches. The main water body was limited to central 
and western side of pond. Rare occurrence of Eicchornia crassipes was 
seen on the eastern and north-eastern margins. The water appeared to 
be more turbid than in the preceding month. 
February 2004 
Relatively denser population of duckweeds was recorded in the 
month of February due to sudden bloom. The water level and area 
reduced further. The water was turbid. The density of water hyacinth 
was relatively higher than in the month of January. 
March 2004 
The major part of the water body was covered with densely 
populated duckweeds (Lemna minor and Spirodela polyrrhiza). A dense 
semi-lunar stripe of water hyacinth was formed on the surface of water 
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along northern, eastern and southern coasts. The water hyacinth were 
in the stage of drying. The patch of duckweeds also appeared to be 
mature, thick and partly brownish in colour. There was further 
reduction in the area and volume of water body, and eventually the 
duckweeds and water-hyacinth formed a thicker cover on almost entire 
surface of the reduced water body. 
April 2004 
In contrary to April 2003, this year duckweeds and water-
hyacinth were more dense but in drying stage. The size of water body 
was far smaller and limited to central and western side of the pond. 
Due to fast reduction in the water level and almost non charging with 
the rainwater, a vast area of the pond had several patches of Typha 
angustata even in the center of the pond. The sedge grass showed slight 
browning as it started drying after the maturity. Considerable drying of 
duckweeds was recorded on tlie coast lines and central part of the 
existing smaller water body. The water level was limited to 30-60 cm. 
making the navigation of small boats impossible. The sediment layer 
was visible at some places (Plate 4). 
Quantitative Studies 
The data summarized in Table 1 show the seasonal variation in 
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Plate 4. 
(A) View of fast drying stage of Lai Diggi Pond in the month of April 2004 
on the western margin and drying of water hyacinth. The open water 
surface has reduced to few centimetres showing sediment layers at 
few places. The area of open water surface was once covered with 
duckweeds (in April 2003, about one year back). 
(B) Patches of Typha angustata in the centre of the pond and reduced size 
of water bodv limited to western side. 
Plate-4 
Table 1. Seasonal variation in the population dynamics and Net Primary 
Productivity of selected floating macrophytes (duckweeds) in a rainfed 
pond near University campus. 
Month 
April' 
2003 
May 
June 
July 
August 
September 
October 
November 
December 
January' 
2004 
February 
March 
Total 
Fresh 
weight 
(R m-2) 
-
-
-
448±24.1 
1508±189.9 
1108±188.7 
516±51.6 
1732+159.8 
-
300±40.9 
1476±185.4 
1680+106.0 
Plant 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
-
L 
S 
L 
S 
L 
S 
Population 
(xlOOO m-2) 
-
-
-
9.47±0.08 
3.25±0.05 
41.53±0.09 
15.68±0.03 
8.35±0.02 
8.71±0.03 
15.79±0.04 
6.64±0.06 
63.84±0.06 
15.83±0.02 
-
1.18±0.02 
2.36±0.05 
64.65±0.08 
19.09+0.03 
65.62±0.09 
18.72±0.02 
Fresh 
weight 
(g nv2) 
-
-
-
116.48±4.11 
135.29±1.55 
485.58±5.22 
672.57±18.83 
95.29±9.99 
385.58+15.98 
181.63±4.17 
262.13±8.06 
730.90+48.49 
710.12174.32 
-
136.20±4.20 
100.80+1.04 
729.14+36.67 
619.92+49.13 
735.84+45.12 
692.16+30.49 
Dry 
weight 
(gnv2) 
-
-
-
12.79t0.05 
17.23±0.08 
61.32+0.06 
79.02+0.14 
11.68+0.03 
42.77+0.10 
23.71+0.08 
31.79+0.09 
84.18+0.08 
81.16+0.05 
-
1.44+0.04 
12.24+0.09 
84.13+0.10 
97.33+0.15 
97.88+0.16 
94.18+0.08 
NPP 
(g m-M-i) 
-
-
-
+0.43 
+0.57 
+1.57 
+1.99 
-1.60 
-1.17 
+0.40 
-0.37 
+1.95 
+1.59 
-
+0.05 
+0.39 
+2.67 
+2.74 
+0.49 
-0.11 
Annual Production Lciiniii minor 231.70 j', iir^ y r ' 
Spirodcla polyrrliizn 225.72 g nv- yi-' 
population dynamics of two selected duckweeds in the rainfed Lai 
Diggi pond located near University campus studied at monthly 
intervals. The two selected duckweeds namely Lemna minor and 
Spirodela pohjrrhiza showed their numerical dominance mainly in the 
months of February and March. Lemna, however, showed its bloom in 
the months of November and August as well. In three summer months 
i.e. April, May and June as well as in the month of December, Lemna 
and Spirodela did not grow. The density of both the duckweeds 
significantly dropped down to 1.182 and 2.358 thousand (1182 and 
2358) individuals m-2 of Lemna and Spirodela, respectively. Spirodela 
occupied larger area of water surface and resulted into a relatively 
uniform and dark toned green appearance to the surface. In the months 
of February, March, November and August, the codominance of Lemna 
resulted into lighter colour tone. The highest fresh weight of all selected 
macrophytes, together with blue green algae and other floating 
macrophytes (excluding water hyacinth) was recorded in the month of 
November followed by March, August and February. Minimum fresh 
biomass was recorded in the month of January. The data in table 1 
clearly show that Spirodela accumulated maximum dry matter in the 
month of February followed by March, November and August. Lemna 
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accumulated maximum dry matter in the month of March followed by 
November, February and August. Minimum dry weight of Spirodela 
and Lemna was recorded in the month of January and September 
respectively. The net primary productivity (NPP) of both the 
duckweeds was high in the months of February, August and 
November. 
Table 2 shows the data on the monthly variation in the relative 
proportion of two selected duckweeds namely Lemna minor and 
Spirodela polyrrhiza and the sporadic occurrence of Wolffia arrhiza 
between September and November as well as some chemical 
characteristics of water (pH and turbidity). The data in table 2 also 
include monthly average of minimum and maximum atmospheric 
temperatures and total monthly precipitation (rainfall in mm). The data 
given in the table show that the selected duckweeds bloomed between 
July to March (except in December). In the beginning of study (April, 
2003), none of the duckweeds was recorded. The pH, watei turbidity, 
total dissolved salts (TDS) and NPK contents were high in summer 
months (April to July). The dissolved oxygen (DO) was very low in 
summer months. The nutrient contents (NPK) increased feasibly due to 
reduced volume of water (owing to evaporation with high temperature) 
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in the selected mesocosm. The pH and turbidity in the water body 
reduced significantly as the water body swelled after the downpour in 
the month of July (11.4 mm). 
The water surface in the centre of pond showed a sudden 
blooming of the two duckweeds. The Lemna : Spirodela ratio was 
estimated to be approximately 18 : 6 (with 105 : 36 individuals of Lemna 
and Spirodela, respectively). The density of the duckweeds further 
increased in the month of August. In this month, the pH, turbidity and 
nutrients of the water decreased due to recharging with rainwater 
(resulting into dilution) and binding of nuti'ient into blooming aquatic 
organism. In the month of September, the selected duckweed 
population decreased substantially. In this month, some small patches 
(1-2 ft2) of Wolffta were also seen. Lemna, Spirodela and Wolffia continued 
to bloom in the months of October and November. The Lemna ; Spirodela 
ratio varied approximately between 18: 6 to 24 : 6. The pH showed a 
slight decline in the month of November. In the month of December, the 
floating duckweeds dried and disappeared. Reapj^earance of Lemna and 
Spirodela was recorded in the month of January 2004. The turbidity, 
NPK and pH showed some increasing trends from the month of 
December onwards. The highest population ratio between Lemna and 
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Spirodela was recorded in the month of November, February and July. 
In the month of April 2004, the duckweeds and other floating 
macrophytes (e.g. Eicchornia) died. The water level also decreased 
sharply. The major part of the pond on the eastern, southern and 
northern sides dried up. From the month of May, June 2004 till date, the 
water has not been seen in the mesocosm (Plate 5). Some grasses which 
grew during the months between July 2004 till October 2004 have dried 
since. The pond bottom is now a dried surface (Plate 5). 
Laboratory Experiment 
Table 3 shows the effect on the population of Lemna minor of 
varying concentrations of urea in relative proportion of NPK consumed 
(as major fertilizer) in India during varying years from 1961 to 2001. The 
data indicate that the population of Lemna minor varied with the 
concentration levels of urea. Maximum population growth was 
observed in response to Ti (0.001%) of the relative proportion of urea 
consumed in all years. A cursory glance on the data shows that the 
population growth was of relatively greater degree in response to the 
proportion of urea consumed in 1961-62. The degree of response to the 
proportionate amounts of urea consumed in 1990-91 was relatively 
lesser. 
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Plate 5. 
(A) Growth of Typha angiistata occupying southwestern part reduced to 
marshes. 
(B and C) Dried patches of Typha angustntn and open bottom on the 
eastern, southern and northern parts of the pond. 
B 
^S^r-*iSm^ 
Plate-5 
Table 3. Population growth of Lemna minor on eleventh day of treatment with 
varying concentrations of urea in proportion to its consumption ratio in 
varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
19±2.09 
19±2.09 
19±2.09 
19+2.09 
19±2.09 
Ti 
26±2.00 
24±2.52 
23±1.53 
22±2.52 
24±2.00 
T2 
29±1.53 
27±2.52 
28±2.52 
27+2.52 
28±2.52 
T3 
27±3.00 
25±2.00 
25±2.52 
24±2.52 
27+1.53 
T4 
19±1.00 
19±1.00 
19±1.53 
19±1.53 
19+1.53 
LSD 5% 
1% 
4.15 
6.03 
4.40 
6.40 
4.25 
6.19 
4.73 
6.88 
4.13 
6.01 
Mean ±SD 
Initial number of individuals = 10 
Table 4 shows the data on the impact of Single Super Phosphate 
(SSP) on the population of Lenina minor in varying concentrations of the 
relative proportions of NPK consumed in varying years from 1961-2001. 
The relative proportion of SSP consumed in each years varied between 
18.2 to 25.6% of the total NPK consumed (Table B). The impact of 
varying concentrations of SSP on the population growth of Lemna minor 
was almost similar to the response on treatment with urea alone (the 
proportion of urea of total NPK consumed in each year varied between 
64 to 73.5%; Table B). The highest growth response was observed on 
treatment with 0.001% of relative SSP proportion used in the selected 
years. 
Data summarised in Table 5 show the impact of varying 
concentrations of Potash in proportion relative to the consumption rate 
in varying years on the population growth of Lemna minor. The 
population showed highest degree of response on treatment with 
0.001% (T2) of potash in all years. The varying consumption rates of 
potash in varying years (varied between 8.23-10.9% of total NPK; Table 
B) did not significantly affect the population growth. 
The data summarized in Table 6 show the impact of the varying 
concentrations of combination of urea and SSP in proDortions relative to 
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Table 4. Population growth of Lemna minor on eleventh day of treatment with 
varying concentrations of single super phosphate in proportion to its 
consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
To 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
Ti 
23±1.53 
24±2.52 
24+1.53 
25±2.52 
2411.00 
Treatments 
T2 
26±2.52 
28±3.06 
27±2.52 
26+3.06 
29+2.09 
T3 
24±1.53 
25±1.00 
26±2.52 
26±1.53 
27±1.53 
T4 
19±1.53 
18±1.53 
18±1.53 
20±1.00 
1911.00 
LSD 5% 
1% 
3.57 
5.20 
4.50 
6.55 
4.20 
6.10 
3.77 
5.49 
3.36 
4.89 
Mean iSD 
Initial number of individuals = 10 
Table 5. Population growth of Leinnn minor on eleventh day of treatment with 
varying concentrations of potash in proportion to its consumption ratio 
in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
19±2.09 
19±2.09 
19+2.09 
19±2.09 
19±2.09 
Ti 
23±2.00 
24±2.00 
25±2.00 
24±1.53 
23±2.52 
T2 
26±2.52 
27±2.52 
28±3.06 
28±3.00 
28±1.00 
T3 
24±1.00 
25±1.53 
26±2.00 
26±2.09 
25±2.52 
T4 
18±1.53 
19±2.00 
19±1.00 
21±1.53 
19±2.00 
LSD 5% 
1% 
3.80 
5.54 
3.77 
5.48 
3.70 
5.39 
3.66 
5.33 
4.33 
6.31 
Mean +SD 
Initial number of individuals = 10 
Table 6. Population growth of Lemna minor on eleventh day of treatment with 
varying concentrations of the combination of urea and single super 
phosphate in proportion to their consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
To 
19±2.09 
19±2.09 
19±2.09 
19+2.09 
19±2.09 
Ti 
23+1.53 
28±2.00 
25+1.00 
24±1.53 
28±1.53 
Treatments 
T2 
25+2.00 
31±2.52 
28+2.00 
28+2.52 
30+2.00 
Ta 
24±2.52 
30±1.53 
26±1.53 
26±1.00 
30+1.00 
T4 
18+1.53 
20+1.53 
19+1.00 
19+1.53 
20+1.00 
LSD 5% 
1 % 
4.07 
5.93 
3.43 
4.99 
3.02 
4.39 
3.75 
5.46 
3.16 
4.60 
Mean ±SD 
Initial number of individuals = 10 
their consumption rate on the population growth of Lemna minor. The 
treatments with the combination of urea and SSP caused interesting 
changes in the population growth of Lemna. The population increase in 
response to the combination of 1961-62 and 1990-91 was only marginal 
as compared to the responses with those of other years. 
Table 7 shows the data on the population growth responses of 
Lemna minor to varying concentrations of SSP and potash in relative 
proportions used in varying years from 1961-2001. The population 
growth of Lemna minor did not show much variation in response to the 
combination of two fertilizers as compared to the response when used 
singly. However, on treatment with 1961-62 ratio of P and K, the 
population increase was lesser than that in response to the 
combinations of later years. 
Table 8 summarises the data on the responses of population 
growth to varying concentrations of urea and potash in proportions to 
their relative consumption rate in varying years. The combination of 
urea and potash to the proportion levels used in 1960s and 1970s 
showed relatively higher degree of response. The total urea and potash 
consumed in these years was around 78-82% of the total NPK and in 
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Table 7. Population growth of Lenina minor on eleventh day of treatment with 
varying concentrations of the combination of single super phosphate 
and potash in proportion to their consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
Ti 
23±2.00 
26+1.53 
26±1.53 
25±2.00 
24±1.00 
T2 
26±1.00 
29±2.52 
28±1.53 
28+2.52 
28±1.53 
T3 
24±1.53 
28±2.00 
27±2.00 
26+1.00 
26+1.53 
T4 
17+1.00 
20±1.53 
17±1.53 
20±1.00 
20±2.00 
LSD 5% 
1% 
3.01 
4.37 
4.09 
5.95 
3.61 
5.26 
3,84 
5.58 
3.51 
5.11 
Mean ±SD 
Initial number of individuals = 10 
Table 8. Population growth of Lemna minor on eleventh day of treatment with 
varying concentrations of the combination of urea and potash in 
proportion to their consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
19±2.09 
Ti 
25±1.00 
27±2.09 
24±2.00 
24+1.00 
22±1.53 
T2 
30±1.53 
30±2.52 
28+1.53 
28+2.52 
27±1.53 
T3 
27±2.00 
28+1.00 
26±1.53 
26±1.53 
26±2.00 
T4 
18±2.00 
20±1.00 
18±1.00 
18+1.00 
18±1.53 
LSD 5% 
1% 
3.65 
5.32 
3.64 
5.29 
3.50 
5.09 
3.64 
5.29 
3.63 
5.28 
Mean +SD 
Initial number of individuals = 10 
later decades, the proportion of urea and potash together consisted of 
75-77% of NPK (Table B). 
The Table 9 comprises the data on the response of Lemna minor to 
varying concentrations of urea, SSP and potash together in proportions 
of their consumption rates in varying years. Lemna minor did not 
survive in higher concentration of the three fertilizers. Highest 
population was recorded in response to 0.001% (T2) of their 
consumption ratios in respective years. The degree of response was 
relatively lesser to the combination of fertilizers of the years 1961-62 
and 1990-91 (Plates 6 and 7). 
The data summarised in Table 10 show the impact of varying 
concentration of urea in the relative proportion of the total NPK 
consumed on the population of Spirodela -polyrrhiza. The highest 
proportion (73.52%) of urea consumed in 1960s and the lowest 
proportion (65.3%) of urea consumed in 2000s (Table B) had lesser 
impact on population growth of Spirodela polyrrhiza as compared to the 
responses recorded for the proportions of urea consumed in other 
years. 
Data summarised in Table 11 show the impact of varying 
concentrations of SSP in relative proportions to its consumption rates in 
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Table 9. Population growth of Lemna minor on eleventh day of treatment with 
varying concentrations of NPK in proportion to their consumption ratio 
in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
19±2.09 
19±2.09 
19+2.09 
19±2.09 
19±2.09 
Ti 
25±1.00 
27±2.09 
26±1.53 
25+1.53 
27±2.00 
T2 
30±2.52 
35±1.53 
32+1.53 
29+1.53 
30±1.53 
T3 
27±2.00 
29±1.53 
28+2.00 
26+2.52 
28±1.00 
T4 
0±0 
0±0 
0±0 
0±0 
0+0 
LSD 5% 
1% 
3.67 
5.34 
3.25 
4.73 
3.15 
4.58 
3.38 
4.91 
3.15 
4.58 
Mean +SD 
Initial number of individuals = 10 
Plate 6 shows the responses of Lemna minor to varying concentrations of NPK 
combinations proportionate to the amounts utilized in varying years as 
mentioned in the parts A, B and C. 
To 
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Plate-6 
Plate 7 shows the responses of Lemna minor to varying concentrations of NPK 
combinations proportionate to the amounts utilized in varying years as 
mentioned in the parts A and B. 
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Table 10. Population growth of Spirodeln pohjrrhiza on eleventh day of treatment 
with varying concentrations of urea in proportion to its consumption 
ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14±2.00 
14+2.00 
14±2.00 
Ti 
18±1.53 
17±1.00 
16±2.00 
16±1.00 
17±1.53 
T2 
21±2.09 
19±-2.00 
19+1.00 
19±1.53 
21±1.16 
Ts 
20±2.00 
18±1.53 
16±1.53 
15±1.00 
17±1.53 
T4 
11±1.00 
12±1.00 
12±1.53 
11+1.53 
11±1.53 
LSD 5% 
1% 
2.86 
4.15 
3.30 
4.80 
2.39 
3.48 
3.04 
4.42 
3.28 
4.77 
Mean ±SD 
Initial number of individuals = 5 
Table 11. Population growth of Spirodela polynhiza on eleventh day of treatment 
with varying concentrations of single super phosphate in proportion to 
its consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
14+2.00 
T. 
15±2.00 
17±2.52 
18±1.53 
18±1.00 
19+1.53 
T2 
19±1.53 
20±2.00 
2111.53 
21±1.00 
20±2.52 
T3 
16±1.00 
15±1.53 
19±1.53 
2011.53 
17+2.52 
T, 
1211.16 
12+1.00 
1211.00 
1311.00 
12+2.09 
LSD 5% 
1% 
3.10 
4.52 
3.65 
5.32 
3.20 
4.65 
2.61 
3.79 
4.42 
6.43 
Mean +SD 
Initial number of individuals = 5 
varying years on population of Spirodela pohjrrhiza. The rate of SSP 
consumption increased from 18.23% to 25.60% of NPK from 1961 to 
2001. The population of Spirodela pohjrrhiza increased with the 
consumption rate but at lower concentrations between 0.0001 - 0.01 (Ti, 
T2 and T3). 
The data on the impact of varying concentrations of potash on 
population growth of Spirodela pohjrrhiza are summarised in Table 12. 
The population growth of Spirodela pohjrrhiza responded more or less in 
accordance with the proportions of potash consumed in varying years 
(at lower doses viz., Ti, T2 and T3). The rate of potash consumption was 
low in 1961-62 followed by 1970-71 and 2000-01 as compared to the 
proportion consumed in early 1980s and 1990s (Table B). 
The data summarised in Table 13 show the impact of varying 
concentrations of urea and SSP together (in relative proportion of the 
total NPK consumed in varying years) on the population growth of 
Spirodela pohjrrhiza. The trend of population growth resembled more or 
less with the trend of population growth recorded in response to SSP 
alone (Table 11). The best growth of Spirodela pohjrrhiza was observed in 
response to the combination of urea and SSP in proportion of the year 
1980-81. 
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Table 12. Population growth of Spirodela pob/rrhiza on eleventh day of treatnnent 
with varying concentrations of potash in proportion to its consumption 
ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
14+2.00 
Ti 
15±1.53 
16±1.53 
18+2.52 
17±1.53 
17±1.00 
T2 
18±1.00 
19±2.52 
22±2.00 
20+2.00 
20+1.53 
T3 
17±2.00 
18±2.00 
20±1.53 
19±1.53 
16±1.00 
T4 
11+1.00 
12±1.53 
13+2.52 
11±2.00 
13+1.00 
LSD 5% 
1% 
3.19 
4.64 
3.95 
5.75 
4.27 
6.21 
3.21 
4.66 
2.74 
3.99 
Mean ±SD 
Initial number of individuals = 5 
Table 13. Population growth of Spirodeln pohjrrhizn on eleventh day of treatment 
with varying concentrations of the combination of urea and single 
super phosphate in proportion to their consumption ratio in varying 
years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatnients 
To 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
Ti 
15+1.00 
16±1.53 
20±2.00 
17±1.00 
17±1.00 
T2 
17±2.52 
22+2.52 
22±1.53 
21 ±2.52 
21±1.53 
T3 
15±0.58 
17±2.00 
21±1.53 
18±1.53 
18+2.52 
T4 
1211.53 
14±1.00 
14±1.53 
12±2.00 
11±1.53 
LSD 5% 
1% 
3.51 
5.11 
3.74 
5.44 
3.09 
4.50 
3.62 
5.27 
3.60 
5.23 
Mean ±SD 
Initial number of individuals = 5 
Population growth responses of Spirodela polyrrhiza to varying 
concentrations of SSP and potash in proportion to consumption rate in 
varying years are summarized in Table 14. The population of Spirodela 
polyrrhiza consistently increased in response to T2 upto the ratio of 
1980s. In 1990-91 and 2000-01 the population slightly declined as 
compared to 1980s. 
Data summarized in Table 15 show the impact of urea and potash 
on the population of Spirodela polyrrhiza. The population growth 
followed the trend as that of urea and SSP together (Plates 8 and 9). 
Table 16 summarizes the data on the impact of urea, SSP and 
potash together on the population of Spirodela polyrrhiza used. The 
higher concentration of the 3 nutrients used was deleterious for the 
population of Spirodela polyrrhiza. The three nutrients together did not 
show any significant increase in the population except in response to 
the ratio used in the year 2000-01. 
Data summarised in Table 17A and 17B show the dry weight (mg 
g-i fresh weight) and total dry weight (mg pot-i) in the population of 
Lemna minor treated with urea corresponding to the amount consumed 
in varying years. The dry weight accumulation in L. minor treated with 
urea increased in response to Ti, T2, T3 treatments as compared to 
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Table 14. Population growth of Spirodeln polyrrhiza on eleventh day of treatment 
with varying concentrations of the combination of single super 
phosphate and potash in proportion to their consumption ratio in 
varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14±2.00 
14+2.00 
14±2.00 
Ti 
15±2.00 
17+2.00 
20±2.0U 
16±1.53 
16±1.53 
T2 
17±1.00 
19±1.53 
23±1.53 
20±1.53 
20±2.52 
T3 
15±1.53 
17±1.00 
2U±1.00 
16±1.53 
18±2.00 
T4 
12±1.00 
12+1.53 
15+1.53 
14+1.00 
11+1.53 
LSD 5% 
1% 
2.71 
3.94 
3.45 
5.03 
4.10 
5.96 
2.65 
3.86 
3.62 
5.27 
Mean ±SD 
Initial number of individuals = 5 
Table 15. Population growth of Spirodela polyrrhiza on eleventh day of treatment 
with varying concentrations of the combination of urea and potash in 
proportion to their consumption ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14+2.00 
14±2.00 
14±2.00 
Ti 
14±1.00 
19+1.53 
20±1.53 
16±1.00 
13±2.00 
T2 
17±1.53 
20±2.52 
23±2.00 
20+2.00 
18±2.52 
T3 
15+1.53 
19±2.00 
22±2.52 
18±1.00 
14±1.00 
T4 
12±1.53 
12±1.00 
15±1.53 
11±1.53 
11±2.00 
LSD 5% 
1% 
3.20 
4.65 
3.96 
5.76 
4.10 
5.96 
3.02 
4.39 
4.09 
5.95 
Mean +SD 
Initial number of individuals = 5 
Plate 8 shows the responses of Spirodela polyrrhiza to varying concentrations of 
NPK combinations proportionate to the amounts utilized in varying 
years as mentioned in the parts A, B and C. 
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Plate-8 
Plate 9 shows the responses of Spirodela polyrrhiza to varying concentrations of 
NPK combinations proportionate to the amounts utihzed in varying 
years as mentioned in the parts A and B. 
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Plate-9 
Plate 10 shows the death and decay of selected duckweeds in response to 
higher concentration of NPK. 
(A) shows starting of decolourization of Lemna minor. 
(B) shows decolourized and disintegrated fronds of Spirodela 'polyrrhiza. 
Plate-10 
Table 16. Population growth of Spirodela polyrrhiza on eleventh day of treatment 
with varying concentrations of NPK in proportion to their consumption 
ratio in varying years. 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
14±2.00 
Ti 
17±1.00 
19±2.00 
17±2.52 
16±1.00 
18±1.00 
T2 
20±2.52 
20±1.53 
20±3.00 
19±2.G9 
22±2.52 
T3 
18±1.53 
18+2.52 
18±2.00 
15±1.53 
19±2.00 
T4 
0+0 
0±0 
0±0 
0±0 
0±0 
LSD 5% 
1% 
3.45 
5.01 
3.45 
5.01 
3.91 
5.69 
3.02 
4.39 
3.38 
4.91 
Mean ±SD 
Initial number of individuals = 5 
Table 17A. Dry weight (mg g-^  fresh weight) of Lenina minor treated with varying 
concentrations of urea in proportion to its consumption ratio in 
varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
Ti 
120.26±2.07 
(+3.49%) 
118.51±1.26 
(+2.29%) 
117.45±2.16 
(+1.37%) 
120.68±1.10 
(+3.83%) 
119.44+1.41 
(+2.52%) 
T2 
124.46±1.12 
(+7.08%) 
123.40±0.68 
(+6.10%) 
121.74±0.93 
(+4.76%) 
125.07±1.21 
(+7.65%) 
124.23±0.87 
(+6.94%) 
T3 
121.50+1.43 
(+4.90%) 
120.47±2.09 
(+3.67%) 
119.4311.87 
(+2.81%) 
122.00±0.95 
(+5.05%) 
120.84+1.85 
(+3.77%) 
T4 
116.05±0.90 
(-0.14%) 
114.51±1.78 
(-1.39%) 
113.22±0.78 
(-2.54%) 
115.55±1.17 
(-0.61%) 
116.37+1.26 
(-0.09%) 
LSD 
5% 
1% 
3.43 
4.99 
3.59 
5.24 
3.52 
5.12 
2.38 
3.47 
3.33 
4.85 
Mean ±SD within parenthesis per cent over the control 
Table 17B. Projected values of total dry weight (mg) of Lemna minor in each 
polyvenyl cup treated with varying concentrations of urea in 
proportion to its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.90±1.90 
24.90±1.90 
24.90±1.90 
24.9011.90 
24.9011.90 
Ti 
36.3612.92 
(+46.03%) 
33.0711.96 
(+32.86%) 
31.4111.05 
(+26.15%) 
30.8711.93 
(+23.98%) 
33.3311.09 
(+33.86%) 
T2 
42.9711.98 
(+72.58%) 
39.6612.09 
(+59.28%) 
40.58l2.07 
(+62.98%) 
40.2012.54 
(+62.62%) 
41.4110.96 
(+66.31%) 
Ta 
38.1510.93 
(+53.26%) 
35.0211.09 
(+40.69%) 
34.7212.05 
(+39.40%) 
34.0511.44 
(+35.31%) 
37.9311.08 
(+52.29%) 
T4 
25.7710.95 
(+3.49%) 
25.2911.07 
(+1.45%) 
25.0110.47 
(+0.60%) 
25.7110.90 
(+3.29%) 
25.5310.92 
(+2.53%) 
LSD 
5% 
1% 
3.78 
5.50 
3.42 
4.97 
3.43 
5.00 
3.74 
5.44 
2.44 
3.55 
Mean +SD within parenthesis per cent over the control 
control. The total dry weight was higher in the population treated with 
0.001% (T2) of urea in population to its consumption rate in varying 
years. The total dry weight increased in response to the treatments (Ti, 
T2 and T3) with urea. 
The data summarized in Table 18A and 18B show the dry weight 
of Lemna minor (mg g-^  fresh weight and mg pot^) respectively. The 
plants treated with SSP (in proportion of the amount used in varying 
years) accumulated more dry mass than control. The total dry weight 
assimilated by the population in response to Ti, T2 and T3 were greater 
than the amount assimilated by L. minor grown in fresh water. The dry 
weight accumulation in plants was in proportions to the SSP 
consumption ratio in varying years (Table B). 
Table 19A and 19B show the dry weight accumulation in Lemna 
minor treated with varying concentrations of potash (in proportions to 
the ratio of varying years from 1961-62 to 2000-01). The plants treated 
with potash accumulated relatively greater dry weight in response to 
T2. The proportion of dry weight assimilation corresponded with the 
relative proportion of potash consumed in varying years (Table 19A & 
19B, Table B). 
The data summarised in Table 20A and 20B show the dry weight 
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Table 18A. Dry weight (mg g-i fresh weight) of Lemna minor treated with varying 
concentrations of single super phosphate in proportion to its 
consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
T. 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.6512.26 
116.65±2.26 
T, 
119.08±1.22 
(+2.94%) 
115.59±0.82 
(-0.58%) 
116.89±0.82 
(+0.29%) 
117.11±0.86 
(+0.85%) 
118.43±0.84 
(+1.92%) 
T j 
123.34±1.33 
(+6.17%) 
120.06±1.34 
(+3.81%) 
121.41±1.61 
(+4.62%) 
122.29±1.87 
(+3.47%) 
122.49±2.16 
(+5.38%) 
T^ 
120.31±0.88 
(+3.53%) 
117.5511.66 
(+1.17%) 
118.4811.43 
(+1.62%) 
119.1911.49 
(+2.12%) 
119.6711.32 
(+2.85%) 
T, 
114.5811.91 
(-1.44%) 
111.4511.75 
(-4.10%) 
112.5910.82 
(-3.16%) 
114.2811.02 
(-0.83%) 
114.7211.60 
(-1.44%) 
LSD 
5% 
1% 
3.34 
4.86 
3.44 
5.00 
3.11 
4.52 
3.04 
4.42 
2.36 
3.44 
Mean iSD within parenthesis per cent over the control 
Table 18B. Projected values of total dry weight (mg) of Lemna minor in each 
polyvenyl cup treated with varying concentrations of single super 
phosphate in proportion to its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.90+1.90 
24.9011.90 
24.9011.90 
24.9011.90 
24.9011.90 
Ti 
31.8510.90 
(+27.88%) 
32.2611.63 
(+28.20%) 
32.5412.15 
(+30.73%) 
34.0411.83 
(+36.67%) 
33.0511.85 
(+32.66%) 
T2 
38.1810.95 
(+53.34%) 
40.02+1.84 
(+60.77%) 
39.0211.85 
(+56.75%) 
37.8511.95 
(+52.01%) 
42.2912.50 
(+68.36%) 
T3 
33.5711.12 
(+34.78%) 
34.1710.94 
(+37.27%) 
35.8210.94 
(+43.90%) 
36.0311.81 
(+44.66%) 
35.5711.06 
(+38.88%) 
T4 
25.3110.93 
(+1.69%) 
23.3310.96 
(-6.27%) 
23.5710.92 
(-5.34%) 
26.5810.92 
(+6.59%) 
23.3510.88 
(-6.18%) 
LSD 
5% 
1% 
2,45 
3.56 
3.04 
4,42 
3.37 
4.91 
3.59 
5,22 
3,20 
4.66 
Mean iSD within parenthesis per cent over the control 
Table 19A. Dry weight (mg g-^  fresh weight) of Lemna minor treated with varying 
concentrations of potash in proportion to its consumption ratio in 
varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
T: 
117.8010.87 
(+1.33%) 
116.78±0.82 
(+0.22%) 
115.56±0.85 
(-0.56%) 
117.31±1.19 
(+0.98%) 
116.81±1.78 
(+0.23%) 
T2 
121.56±0.75 
(+4.57%) 
121.29±1.14 
(+4.49%) 
120.39±1.79 
(+3.60%) 
121.47±0.82 
(+4.53%) 
118.79±0.93 
(+2.22%) 
T3 
119.0710.83 
(+2.45%) 
118.06+1.42 
(+1.46%) 
117.4910.85 
(+1.08%) 
118.5710.84 
(+2.01%) 
116.97i0.73 
(+0.29%) 
T4 
113.5410.81 
(-2.34%) 
112.77+1.69 
(-3.12%) 
116.3412.28 
(-0.04%) 
113.74+1.30 
(-2.09%) 
113.38+0.85 
(-2.48%) 
LSD 
5% 
1% 
2.45 
3.56 
2.74 
3.99 
3.06 
4.45 
2.73 
3.98 
3.02 
4.39 
Mean iSD within parenthesis per cent over the control 
Table 19B. Projected values of total dry weight (mg) of Lemna minor in each 
polyvenyl cup treated with varying concentrations of potash in 
proportion to its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.9011.90 
24.9011.90 
24.9011.90 
24.9011.90 
24.9011.90 
Ti 
31.5011.10 
(+26.55%) 
32.4910.95 
(+30.49%) 
33.5911.93 
(+34.90%) 
32.7410.93 
(+31.49%) 
31.1410.93 
(+25.07%) 
T2 
37.6311.08 
(+55.15%) 
38.9910.94 
(+56.59%) 
40.1311.90 
(+61.21%) 
40.4911.93 
(+62.62%) 
39.5910.95 
(+59.0%) 
T3 
33.2312.04 
(+33.46%) 
34.3211.62 
(+36.51%) 
35.52+0.88 
(+42.66%) 
35.8511.11 
(+43.94%) 
33.8910.93 
(+36.43%) 
T4 
23.7611.07 
(-4.58%) 
24.8611.13 
(-0.16%) 
24.6610.86 
(-0.96%) 
27.7710.87 
(+11.53%) 
25.0510.93 
(+0.60%) 
LSD 
5% 
1% 
3.12 
4.53 
2.79 
4.06 
3.22 
4,68 
2.78 
4.05 
2.50 
3.64 
Mean +SD within parenthesis per cent over the control 
Table 20A. Dry weight (mg g-^  fresh weight) of Lemna minor treated with varying 
concentrations of the combination of urea and single super 
phosphate in proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
T, 
119.13±0.88 
(+2.52%) 
121.95±0.80 
(+4.79%) 
120.43±1.63 
(+3.70%) 
123.76±0.80' 
(+6.48%) 
120.43±0.82 
(+3.64%) 
T2 
123.69+1.77 
(+6.40%) 
126.34±0.79 
(+8.72%) 
126.18±0.86 
(+8.58%) 
127.01±0.75 
(+9.32%) 
125.34±0.81 
(+7.86%) 
T3 
121.4110.84 
(+4.50%) 
123.45±1.14 
(+5.95%) 
122.76±0.86 
(+5.62%) 
122.67±0.84 
(+5.57%) 
122.41±1.19 
(+5.37%) 
T, 
114.88±2.18 
(-1.26%) 
118.4011.72 
(+1.82%) 
117.3710.84 
(+1.01%) 
118.1411.60 
(+1.39%) 
116.3911.13 
(-0.03%) 
LSD 
5% 
1% 
3.03 
4.41 
2.79 
4.05 
2.20 
3.20 
2.62 
3.81 
2.68 
3.90 
Mean iSD within parenthesis per cent over the control 
Table 20B. Projected values of total dry weight (mg) of Lemna minor in each 
polyvenyl cup treated with varying concentrations of the 
combination of urea and single super phosphate in proportion to 
their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.90+1.90 
24.9011.90 
24.90+1.90 
24.9011.90 
24.9011.90 
Ti 
31.8611.11 
(+27.96%) 
39.7011.89 
(+59.44%) 
35.0111.15 
(+40.57%) 
34.5412.30 
(+38.68%) 
39.2111.06 
(+57.47%) 
T2 
36.8111.09 
(+47.88%) 
46.6311.87 
(+87.27%) 
42.0610.91 
(+69.0%) 
42.3411.84 
(+70.05%) 
44.7612.92 
(+79.76%) 
T3 
33.8810.97 
(+36.35%) 
43.0610.97 
(+72.98%) 
37.1110.93 
(+49.04%) 
37.0911.32 
(+48.96%) 
42.7612.38 
(+71.73%) 
T4 
24.1911.18 
(-2.85%) 
27.5310.94 
(+10.56%) 
24.91+1.06 
(+0.04%) 
26.1011.28 
(+4.82%) 
27.0711.78 
(+8.71%) 
LSD 
5% 
1% 
2.57 
3.74 
3.22 
4.69 
2.52 
3.67 
3.68 
5.36 
3.55 
5.17 
Mean iSD within parenthesis per cent over the control 
accumulation in Lemna minor treated with urea and SSP in varying 
concentrations of the relative consumption rates in selected years. Data 
in Table 20A on dry weight g-^  fresh weight show an increase in dry 
weight accumulation on treatments with 0.0001, 0.001 and 0.01% of urea 
and SSP. The total dry weight (Table 20B) of L. minor increased in 
response to Ti, T2 and T3 (0.0001, 0.001 and 0.01% respectively) doses in 
all years. Dry. weight accumulation (total and mg g-^  fresh weight) was 
relatively higher in response to the treatments corresponding to the 
years 1970-2001. 
Table 21A and 21B show the data on dry weight responses of 
Lemna minor treated with the combination of SSP and potash in 
proportion to their consumption rates in varying years from 1961-62 to 
2000-01. The combination of two fertilizers promoted the growth of L. 
minor in terms of dry weight. The highest degree of response was 
observed at T2 level of concentrations. The level of dry weight 
accumulation corresponded with the combination of the two fertilizers 
(SSP and Potash) consumed in varying years. 
Table 22A and 22B comprise the data on the dry weight 
assimilation in Lemna minor treated with different doses of the 
combination of urea and potash in proportion to their consumption 
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Table 21A. Dry weight (mg g-^  fresh weight) of Lemna minor treated with varying 
concentrations of the combination of single super phosphate and 
potash in proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
Ti 
116.98±0.80 
(+0.36%) 
117.54±0.84 
(+1.16%) 
118.53±1.22 
(+1.98%) 
119.42±1.10 
(+2.77%) 
120.21±1.13 
(+3.46%) 
T2 
121.1910.95 
(+4.29%) 
122.4910.80 
(+5.38%) 
123.47+1.32 
(+6.25%) 
123.54+1.85 
(+6.29%) 
124.4511.17 
(+7.10%) 
T3 
118.6911.59 
(+2.16%) 
119.6210.71 
(+2.90%) 
120.4810.81 
(+3.68%) 
120.8010.86 
(+3.95%) 
121.4211.14 
(+3.63%) 
T4 
112.4011.65 
(-3.24%) 
113.7710.90 
(-2.10%) 
115.1510.88 
(-0.89%) 
115.8411.42 
(-0.60%) 
115.6510.86 
(-0.48%) 
LSD 
5% 
1% 
3.07 
4.46 
2.06 
3.00 
2.75 
4.00 
2.95 
4.30 
2.71 
3.94 
Mean ISD within parenthesis per cent over the control 
Table 21B. Projected values of total dry weight (mg) of Lemnn minor in each 
polyvenyl cup treated with varying concentrations of the 
combination of single super phosphate and potash in proportion to 
its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.9011.90 
24.9011.90 
24.9011.90 
24.9011.90 
24.9011.90 
Ti 
31.1910.63 
(+25.31%) 
35.5411.92 
(+42.74%) 
35.8312.68 
(+43.90%) 
34.7212.13 
(+39.49%) 
33.5512.20 
(+34.78%) 
T2 
37.4811.85 
(+50.53%) 
42.2912.15 
(+69.84%) 
41.2312.25 
(+65.55%) 
41.1811.39 
(+65.39%) 
41.4811.80 
(+66.55%) 
T3 
33.1211.83 
(+33.02%) 
38.9512.54 
(+56.43%) 
37.8312.14 
(+51.89%) 
36.5211.70 
(+46.63%) 
36.7111.26 
(+47.39%) 
T4 
22.2211.49 
(-10.72%) 
26.4611.29 
(+6.27%) 
22.7612.25 
(-8.55%) 
26.94+1.85 
(+8.15%) 
24.2111.36 
(-2.77%) 
LSD 
5% 
1% 
2.96 
4.31 
3.37 
4.90 
3.58 
5.20 
3.12 
4.54 
3.07 
4.47 
Mean ±SD within parenthesis per cent over the control 
Table 22A. Dry weight (mg g-i fresh weight) of Lemnn minor treated with varying 
concentrations of the combination of urea and potash in proportion 
to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
Ti 
120.11±1.99 
(+3.37%) 
119.55±0.81 
(+2.88%) 
118.08±0.97 
(+1.61%) 
120.17±1.05 
(+3.41%) 
121.56+0.92 
(+4.61%) 
T2 
124.68±0.93 
(+7.29%) 
124.16±1.90 
(+6.85%) 
122.62±1.95 
(+5.52%) 
125.09±1.04 
(+6.79%) 
125.68±2.09 
(+8.15%) 
T3 
121.63±0.80 
(+4.67%) 
121.25±1.91 
(+4.34%) 
120.24±1.03 
(+4.33%) 
122.43±0.95 
(+5.37%) 
122.69±1.05 
(+4.72%) 
T4 
116.94±0.82 
(-0.20%) 
115.22±0.94 
(-0.88%) 
113.67±0.94 
(-2.19%) 
n7.41±1.05 
(+1.03%) 
117.33±0.97 
(+0.71%) 
LSD 
5% 
1% 
3.14 
4.57 
3.49 
5.07 
2.55 
3.71 
2.80 
4.07 
2.85 
4.15 
Mean ±SD within parenthesis per cent over the control 
Table 22B. Projected values of total dry weight (mg) of Lemnn minor in each 
polyvenyl cup treated with varying concentrations of the 
combination of urea and potash in proportion to their consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.90±1.90 
24.90±1.90 
24.90±1.90 
24.90±1.90 
24.90±1.90 
Ti 
34.9211.98 
(+40.25%) 
37.53±2.04 
(+50.69%) 
32.95+1.13 
(+32.33%) 
33.54±1.68 
(+34.66%) 
31.0911.40 
(+24.82%) 
T2 
44.5312.78 
(+78.80%) 
44.3411.73 
(+78.12%) 
40.8711.94 
(+64.14%) 
41.6911.77 
(+67.39%) 
40.3911.77 
(+62.21%) 
T3 
38.1911.78 
(+53.38%) 
39.4811.78 
(+58.56%) 
36.3511.73 
(+45.95%) 
37.0111.64 
(+48.64%) 
37.0911.67 
(+48.92%) 
T4 
24.3711.84 
(-2.09%) 
26.7911.22 
(+7.63%) 
23.7911.86 
(-4.50%) 
24.5711.95 
(-1.41%) 
24.4911.63 
(-1.69%) 
LSD 
5% 
1% 
3.44 
5.01 
3.07 
4.47 
3.05 
4.44 
3.08 
4.49 
2.97 
4.32 
Mean +SD within parenthesis per cent over the control 
rates in varying years. When treated with either urea or potash alone, 
the dry weight accumulation in L. minor did not show much variation 
corresponding to urea and potash variations in varying years. The 
fertilizers, however, in combination induced the L. minor to accumulate 
relatively greater amount of dry weight on treatment with Ti, T2 and T3 
of the combination (Table 22A, 22B). 
The data summarised in Table 23A and 23B show the dry weight 
accumulation in Lemna minor treated with varying concentrations of the 
combination of three fertilizers (urea, SSP and potash) in their relative 
proportion (as consumed in selected years). The highest dose T4 was 
deleterious for the plants. The remaining three doses increased the dry 
weight of L. minor in response to the combinations of varying years. 
Although, the level of concentrations of fertilizers varied greatly in 
varying years but the dry weight accumulation in L. minor did not 
exceed accordingly owing to biological constraints i.e. size of the plant. 
The data summarised in Table 24A and 24B show the impact of 
urea on the dry weight accumulation g-i fresh weight and total dry 
weight of Spirodela polyrrhiza per treatment respectively. The T2 
treatment of urea corresponding to varying years increased the dry 
weight accumulation g-' fresh weight. Highest dry weight accumulation 
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Table 23A. Dry weight (mg g-^  fresh weight) of Lemna minor treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
116.65±2.26 
Ti 
120.64±0.95 
(+3.82%) 
121.87±0.97 
(+4.88%) 
123.23±0.95 
(+6.05%) 
123.37±0.78 
(+6.17%) 
125.43±0.85 
(+7.95%) 
T2 
127.43±1.94 
(+9.67%) 
128.09±1.48 
(+10.0%) 
130.40±2.39 
(+11.92%) 
130.33±1.90 
(+12.15%) 
132.48±1.75 
(+14.0%) 
T3 
123.55±0.97 
(+6.32%) 
124.44±0.97 
(+7.09%) 
126.52±1.97 
(+8.88%) 
126.47±0.82 
(+8.83%) 
128.44±0.95 
(+10.44%) 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0+0 
(-100%) 
0+0 
(-100%) 
LSD 
5% 
1% 
2.92 
4.25 
2.74 
3.98 
3.63 
5.28 
2.77 
4.02 
2.93 
4.26 
Mean ±SD within parenthesis per cent over the control 
Table 23B. Projected values of total dry weight (n\g) of Lemna minor in each 
polyvenyl cup treated with varying concentrations of NPK in 
proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
24.90±1.90 
24.90±1.90 
24.90±1.90 
24.90±1.90 
24.90±1.90 
Ti 
35.07±1.10 
(+40.85%) 
38.26±1.45 
(+53.70%) 
37.26±1.94 
(+49.64%) 
35.86±2.97 
(44.02%) 
39.38±1.61 
(+56.83%) 
T2 
45.51±0.96 
(+82.78%) 
53.37±1.94 
(+114.38%) 
49.68±1.94 
(+99.56%) 
44.99+1.49 
(+81.69%) 
47.31±1.95 
(+90.0%) 
T3 
38.79±1.50 
(+55.78%) 
41.96±1.66 
(+68.51%) 
41.19±0.96 
(+65.43%) 
38.24±1.47 
(+53.57%) 
41.82±0.55 
(+66.59%) 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0+0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
2.65 
3.86 
2.82 
4.10 
3.23 
4.71 
3.82 
5.56 
2.91 
4.23 
Mean +SD within parenthesis per cent over the control 
Table 24A. Dry weight (mg g-^  fresh weight) of Spirodela polyrrhizn treated with 
varying concentrations of urea in proportion to its consumption ratio 
in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60il.79 
116.6011.79 
Ti 
120.66±1.45 
(+3.49%) 
118.46±1.27 
(+1.60%) 
116.91±1.57 
(+0.27%) 
122.15±1.61 
(+4.76%) 
119.31±1.05 
(+2.34%) 
T2 
126.17±1.32 
(+8.22%) 
124.56±1.23 
(+6.83%) 
122.59±1.85 
(+5.14%) 
128.77±2.49 
(+10.44%) 
121.42±1.04 
(+4.15%) 
T3 
122.41±1.84 
(+4.99%) 
120.77±1.47 
(+3.58%) 
119.86±1.72 
(+2.80%) 
124.73±1.92 
(+6.98%) 
123.57±2.17 
(+5.98%) 
T4 
115.52±0.91 
(-0.93%) 
114.11±1.38 
(-2.14%) 
112.59±1.27 
(-3.44%) 
118.16±1.65 
(+1.34%) 
116.74±1.69 
(+0.12%) 
LSD 
5% 
1% 
0.71 
1.04 
0.42 
0.61 
0.43 
0.63 
0.67 
0.97 
0.93 
1.35 
Mean ±SD within parenthesis per cent over the control 
Table 24B. Projected values of total dry weight (mg) of Spirodela polyrrhizn in 
each polyvenyl cup treated with varying concentrations of urea in 
proportion to its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.02±2.14 
68.0212.14 
68.0212.14 
68.02+2.14 
Ti 
94.4311.73 
(+38.83%) 
82.4111.82 
(+21.16%) 
86.4112.04 
(+27.04%) 
90.2812.12 
(+32.73%) 
79.0111.65 
(+16.16%) 
T2 
120.6812.34 
(+77.44%) 
102.8912.28 
(+51.27%) 
106.6012.39 
(+56.72%) 
111.9712.52 
(+64.62%) 
99.7212.92 
(+46.62%) 
T3 
106.4412.28 
(+56.49%) 
94.5211.87 
(+38.96%) 
83.3810.84 
(+22.59%) 
103.0411.32 
(+51.49%) 
91.3311.52 
(+34.27%) 
T4 
62.5711.18 
(-8.03%) 
57.0611.77 
(-16.11%) 
60.9912.26 
(-10.34%) 
54.16l2.08 
(-20.38%) 
53.5111.92 
(-21.32%) 
LSD 
5% 
1% 
0.92 
1.33 
0.42 
0.61 
1.18 
1.71 
0.83 
1.20 
1.04 
1.51 
Mean +SD within parenthesis per cent over the control 
was noted in the population treated with varying concentrations of urea 
corresponding to the consumption rate in 1961-62. 
The data summarised in Table 25A and 25B show the dry weight 
accumulation g-i fresh weight and total dry weight per cup, 
respectively. The dry weight accumulation in Spirodela polyrrhiza in 
response to SSP treatments was relatively more prominent than on 
treatments with urea (Table 24A, 24B). The highest increase in dry 
weight was noted in response to T2 treatments of the relative 
proportions of SSP consumed in varying years. 
Table 26A and 26B show the dry weight g-i fresh weight of 
Spirodela polyrrhiza and total dry weight per treatment, respectively 
when treated with potash in varying proportions as consumed in 
varying years. The potash also induced greater dry weight 
accumulation in S. polyrrhiza. Highest degree of dry weight 
accumulation was noted in response to Ti, T2 and T3 treatments of 
potash in relative proportion consumed in 1980-81 and 1990-91. 
The data summarised in Table 27A and 27B show the dry weight 
accumulation in Spirodela polyrrhiza treated with varying doses of urea 
and SSP combinations in proportion to their consumption rates in 
varying years. The dry weight of S. polyrrhiza increased in response to 
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Table 25A. Dry weight (mg g-^  fresh weight) of Spirodela polyrrhiza treated with 
varying concentrations of single super phosphate in proportion to its 
consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
Ti 
117.09±0.98 
(+0.43%) 
121.81±1.74 
(+4.47%) 
121.58±1.86 
(+4.28%) 
121.05+1.39 
(+3.82%) 
118.85±2.57 
(+1.93%) 
T2 
123.64±2.27 
(+6.04%) 
128.29±2.04 
(+10.03%) 
127.11±1.69 
(+9.02%) 
126.77±2.08 
(+8.70%) 
124.72±2.16 
(+6.97%) 
T3 
119.82±1.57 
(2.77%) 
124.55±1.84 
(+6.82%) 
123.39±1.86 
(+5.83%) 
123.37±2.32 
(+5.81%) 
121.50±1.13 
(+4.21%) 
T4 
112.86±1.28 
(-3.21 %) 
117.85±2.17 
(+1.07%) 
116.54+1.68 
(-0.05%) 
116.56±1.20 
(-0.03%) 
115.08±1.38 
(-1.30%) 
LSD 
5% 
1% 
0.93 
1.35 
0.34 
0.50 
0.17 
0.24 
0.88 
1.28 
1.09 
1.59 
Mean ±SD within parenthesis per cent over the control 
Table 25B. Projected values of total dry weight (mg) of Spirodela polyrrhiza in 
each polyvenyl cup treated with varying concentrations of single 
super phosphate in proportion to its consumption ratio in varying 
years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.0212.14 
68.0212.14 
68.0212.14 
68.0212.14 
Ti 
76.3610.53 
(+12.27%) 
90.0311.41 
(+32.36%) 
95.1511.86 
(+39.89%) 
94.7312.22 
(+39.23%) 
98.1812.11 
(+44.34%) 
T2 
102.1411.75 
(+50.17%) 
111.5611.85 
(+64.02%) 
116.0611.73 
(+70.63%) 
115.7512.69 
(+70.18%) 
108.4512.26 
(59.44%) 
T3 
83.3511.89 
(+22.54%) 
81.23+1.68 
(+19.44%) 
101.9312.48 
(+49.86%) 
107.2811.57 
(+57.72%) 
89.8011.69 
(+32.02%) 
T4 
56.4312.30 
(-17.04%) 
58.9312.58 
(-13.36%) 
58.2711.95 
(-14.33%) 
63.1411.87 
(-7.16%) 
57.5411.82 
(-15.39%) 
LSD 
5% 
1% 
1.32 
1.91 
0.84 
1.22 
0.55 
0.80 
0.79 
1.14 
0.45 
0.65 
Mean ±SD within parenthesis per cent over the control 
Table 26A. Dry weight (mg g-^  fresh weight) of Spirodeln pohjrrliizn treated with 
varying concentrations of potash in proportion to its consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
Ti 
121.15±1.09 
(+3.91%) 
118.46±2.29 
(+1.60%) 
120.66±2.53 
(+3.49%) 
122.15±1,44 
(+4.76%) 
116.91±2.45 
(+0.27%) 
T2 
127.42±1.59 
(+9.28%) 
124.56±1.27 
(+6.83%) 
126.17±2.26 
(+8.21%) 
128.77±2.94 
(+10.44%) 
122.59±1.89 
(+5.14%) 
Ta 
123.57±1 78 
(+5.98%) 
120.77±2.25 
(3.58%) 
122.41±1.79 
(+4.99%) 
124.73±1.58 
(+6.98%) 
119.86±2.32 
(+2.80%) 
T4 
116.74±2.37 
(+0.12%) 
114.11±1.81 
(-2.13%) 
115.52±1.91 
(-0.93%) 
118.16+2.09 
(+1.34%) 
112.5912.23 
(-3.43%) 
LSD 
5% 
1% 
0.86 
1.26 
0.78 
1.14 
0.62 
0.90 
1.12 
1.63 
0.54 
0.78 
Mean ±SD within parenthesis per cent over the control 
Table 26B. Projected values of total dry weight (mg) of Spirodela polyrrhiza in 
each polyvenyl cup treated with varying concentrations of potash in 
proportion to its consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
Ti 
79.01±2.07 
(+16.16%) 
82.4112.17 
(+21.16%) 
94.4312.27 
(+38.83%) 
90.28+2.12 
(+32.75%) 
86.4112.34 
(+27.04%) 
T2 
99.7212.25 
(+46.61%) 
102.8912.26 
(+51.27%) 
120.6812.84 
(+77.42%) 
111.9712.66 
(+64.62%) 
106.6012.68 
(+56.72%) 
T3 
91.33+3.29 
(+34.27%) 
94.5212.09 
(+39.23%) 
105.7711.32 
(+55.50%) 
103.0411.87 
(+51.49%) 
83.3811.93 
(+22.59%) 
T4 
53.5112.38 
(-21.33%) 
57.0611.92 
(-16.11%) 
62.5711.95 
(-8.01%) 
54.1611.75 
(-20.38%) 
60.9912.78 
(-10.34%) 
LSD 
5% 
1% 
0.94 
1.36 
0.27 
0,39 
1.23 
1,79 
0.66 
0.96 
r 0.67 
0.98 
Mean ISD within parenthesis per cent over the control 
Table 27A. Dry weight (mg g-^  fresh weight) of Spirodeln pobjrrhiza treated with 
varying concentrations of the combination of urea and single super 
phosphate in proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
Ti 
120.63±1.87 
(+3.46%) 
120.85±2.14 
(+3.65%) 
120.64±2.37 
(+3.47%) 
122.54±2.45 
(+5.10%) 
120.37±1.98 
(+3.24%) 
T2 
127.67±2.86 
(+9.50%) 
128.31±2.25 
(+10.05%) 
126.18±2.34 
(8.22%) 
128.59±2.45 
(+10.29%) 
126.96±3.08 
(+8.88%) 
T3 
123.62±1.82 
(+6.03%) 
124.38±1.97 
(+6.68%) 
123.22±2.13 
(+5.69%) 
124.34±1.88 
(+6.64%) 
123.55±2.26 
(+5.97%) 
T4 
116.13+1.83 
(-0.40%) 
117.40±1.77 
(+0.69%) 
116.50±1.85 
(-0.09%) 
118.38±2.67 
(+1.53%) 
116.44±2.32 
(-0.14%) 
LSD 
5% 
1% 
0,87 
1.27 
0.40 
0.58 
0.51 
0.74 
0.73 
1.07 
0.93 
1.35 
Mean ±SD within parenthesis per cent over the control 
Table 27B. Projected values of total dry weight (mg) of Spirodeln polyrrhizn in 
each polyvenyl cup treated with varying concentrations of the 
combination of urea and single super phosphate in proportion to 
their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
Ti 
78.67±2.87 
(+15.66%) 
84.07±2.32 
(+23.60%) 
104.90±2.12 
(+54.24%) 
90.57±2,,14 
(+33.16%) 
88.97+2.50 
(+30.80%) 
T2 
94.36±2.08 
(+38.73%) 
122.73±2.07 
(+80.44%) 
120.69±2.32 
(+77.45%) 
117.32±2.13 
(+72.48%) 
115.92±2.10 
(+70.43%) 
T3 
80.62±2.71 
(+18.53%) 
91.93+2.13 
(+35.11%) 
112.51±2.05 
(+65.41%) 
97.31±2.28 
(+43.07%) 
96.69±2.16 
(+42.15%) 
T4 
58.07±1.89 
(-14.63%) 
68.4812.32 
(+0.68%) 
67.96±2.09 
(-0.09%) 
59.19±1.60 
(-13.13%) 
53.37±1.96 
(-21.54%) 
LSD 
5% 
1% 
0.80 
1.17 
0.23 
0.33 
0.20 
0.29 
0.50 
0.73 
0.37 
0.54 
Mean ±SD within parenthesis per cent over the control 
all treatments as compared to control except on treatment with the 
highest concentration. The impact was relatively lesser in response to 
urea and SSP combination as of the year to 1961-62. This was the year in 
which P was limiting and the N was adequate in relative proportion. In 
other years, the total dry weight accumulation was higher. It is 
important to note that in relative proportions, P was limiting in 1961-62 
but not in any other year. 
The data summarised in Table 28A and 28B show the dry weight 
accumulation g-^  fresh weight of Spirodela pohjrrhiza and total dry 
weight of S. pohjrrhiza treated with varying concenh-ations of SSP and 
potash in proportions to the amounts consumed in varying years. The 
dry weight accumulation in S. pohjrrhiza increased in response to Ti, T2 
and T3 treatments as compared to control. The SSP and potash together 
did not induce dry weight accumulation to the tune on treatments with 
either of these fertilizers singly (Table 25 and 26). 
The data summarised in Table 29A and 29B show the dry weight 
accumulation in S. pohjrrhiza treated with urea and potash in proportion 
to their amounts consumed in varying years. The combination of two 
fertilizers induced greater amount of dry weight g-^  fresh weight in 
proportion of varying years (Table 29A). The dry weight accumulation 
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Table 28A. Dry weight (mg g-^  fresh weight) of Spirodela polyrrhiza treated with 
varying concentrations of the combination of single super phosphate 
and potash in proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
Ti 
117.99±2.16 
(+1.21%) 
120.33±2.17 
(+3.20%) 
121.60±1.12 
(+4.30%) 
122.92±2.11 
(+5.43%) 
122.21±1.93 
(+4.82%) 
T2 
124.37±2.68 
(+6.67%) 
125.62±2.44 
(+7.74%) 
127.27±1.95 
(+9.16%) 
129.35±2.16 
(+10.94%) 
128.27±1.84 
(+10.01%) 
T3 
120.56±2.13 
(+3.40%) 
122.7612.44 
(+5.29%) 
124.2212.35 
(+6.54%) 
125.3112.52 
(+7.47%) 
124.7512.14 
(+6.99%) 
T4 
113.4011.78 
(-2.74%) 
115.7213.55 
(-0.76%) 
117.4312.12 
(+0.71%) 
118.3711.95 
(+1.52%) 
117.5112.75 
(+0.82%) 
LSD 
5% 
1% 
0.69 
1.01 
1.23 
1.79 
0.88 
1.28 
0.52 
0.75 
0.27 
0.39 
Mean iSD within parenthesis per cent over the control 
Table 28B. Projected values of total dry weight (mg) of Spiroddn polyrrhiza in 
each polyvenyl cup treated with varying concentrations of the 
combination of single super phosphate and potash in proportion to 
their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.0212.14 
68.0212.14 
68.0212.14 
68.0212.14 
68.0212.14 
Ti 
76.95+2.29 
(+13.13%) 
88.9412.13 
(+30.76%) 
105.7412.45 
(+55.46%) 
85.5111.89 
(+25.72%) 
85.0211.51 
(+25.0%) 
Tz 
91.9313.20 
(+35.14%) 
103.7712.42 
(+52.56%) 
127.2711.14 
(+87.11%) 
112.4812.09 
(+65.37%) 
111.5411.92 
(+63.99%) 
T3 
78.6312.15 
(+15.60%) 
90.7412.22 
(+33.41%) 
108.0211.71 
(+58.81%) 
87.1711.94 
(+28.16%) 
97.6311.83 
(+43.54%) 
T4 
56.7011.11 
(-16.64%) 
57.8612.40 
(-14.94%) 
73.3911.92 
(+7.91%) 
69.0511.77 
(+1.51%) 
53.8612.07 
(-20.82%) 
LSD 
5% 
1% 
1.39 
2.03 
0.27 
0.39 
0.93 
1.35 
0.28 
0.41 
0.46 
0.67 
Mean +SD within parenthesis per cent over the control 
Table 29A. Dry weight (mg g'^  fresh weight) of Spirodela polyrrliizn treated with 
varying concentrations of the combination of urea and potash in 
proportion to their consun\ption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Mean ±51 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60+1.79 
116.60±1.79 
Ti 
120.05±1.84 
(+2.96%) 
121.54±2.31 
(+4.24%) 
120.07±1.69 
(+3.07%) 
121.22±1.08 
(+3.97%) 
122.42±2.14 
(+5.0%) 
T2 
126.33±1.94 
(+8.35%) 
127.62±2.04 
(+9.46%) 
125.70±2.79 
(+7.81 %) 
127.26±1.93 
(+9.15%) 
129.13+2.20 
(+10.75%) 
T3 
122.73+2.09 
(+5.26%) 
124.07±1.78 
(+6.41%) 
122.58±1.94 
(+5.13%) 
123.37±2.19 
(+5.18%) 
125.19±3.11 
(+7.37%) 
3 within parenthesis per cent over the control 
T4 
115.46±1.95 
(-0.98%) 
117.64±2.03 
(+0.89%) 
115.7312.08 
(-0.75%) 
116.74±2.35 
(+0.12%) 
118.58±2.17 
(+1.70%) 
LSD 
5% 
1% 
0.22 
0.32 
0.41 
0.60 
0.83 
I.2I 
0.93 
1.35 
0.93 
1.35 
Table 29B. Projected values of total dry weight (mg) of Spirodela polyrrhiza in 
each polyvenyl cup treated with varying concentrations of the 
combination of urea and potash in proportion to their consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
Ti 
73.0712.18 
(+7.43%) 
100.4012.13 
(+47.61%) 
104.4112.12 
(+53.50%) 
84.3311.87 
(+23.98%) 
69.1911.13 
(+1.73%) 
T2 
93.3711.96 
(+37.27%) 
110.9712.24 
(+63.15%) 
125.7011.89 
(+84.80%) 
110.66+1.82 
(+62.69%) 
101.0612.18 
(+48.58%) 
T3 
80.0412.09 
(+17.68%) 
102.4911.98 
(+50.68%) 
117.2511.96 
(+72.38%) 
96.5511.94 
(+41.95%) 
76.2011.89 
(+12.03%) 
T4 
57.1312.08 
(-15.13%) 
58.8212.19 
(-13.53%) 
72.3312.12 
(+6.34%) 
53.51+1.79 
(-21.33%) 
54.3511.96 
(-20.10%) 
LSD 
5% 
1% 
0.16 
0.23 
0.18 
0.27 
0.21 
0.31 
0.26 
0.38 
0.80 
1.16 
Mean ±SD within parenthesis per cent over the control 
f '^^ c 
^t'C\ 
in plants treated with varying concentrations of urea and potash of the 
proportion to 1961-62 did not induce much changes as compared to the 
treatments in the years 1970-71,1980-81 and 1990-91. 
The Table 30A and 30B show that data on the variations in dry 
weight accumulation in Spirodela polyrrhiza treated with varying 
concentrations of N, P and K (together) consumed in varying years. The 
total dry weight accumulation was relatively less in response to the 
treatments Ti, T2 and T3 of the years 1961-62 and 1990-91. Due to early 
disappearance of S. polyrrhiza, no dry weight accumulation took place in 
response to higher concentration (T4) of NPK. 
The data summarised in Table 31 show the impact of varying 
concentrations of NPK in ratios relative to the consumption rates in 
varying years on the population of Lemna minor treated in large earthen 
pots (Plates 11 and 14). The population of L. minor on eleventh day was 
relatively higher in response to the treahnents with the NPK in ratios of 
the years 1961-62 and 1990-91. The population growth in the pots 
having NPK ratio equivalent to 1970-71, 1980-81 and 2000-01 were 
almost in the same range on eleventh day. In large earthen pots, the 
Lemna minor did not show any significant population growth in 
response to higher concentrations of NPK. In some cases, the plants 
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Table 30A. Dry weight (mg g-^  fresh weight) of Spirodeln polyrrhizn treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.6011.79 
Ti 
122.73±2.13 
(+5.26%) 
123.82±1.68 
(+6.20%) 
124.58±2.12 
(+6.85%) 
125.34±2.06 
(+7.50%) 
125.11+1.94 
(+7.30%) 
T2 
127.56±1.96 
(+9.40%) 
128.76±2.17 
(+10.43%) 
129.64±2.11 
(+11.19%) 
129.41±2.05 
(+10.99%) 
130.23il.81 
(+11.69%) 
T3 
124.76±0.95 
(+7.0%) 
125.34±2.18 
(+7.50%) 
126.34±2.16 
(+8.36%) 
127.08±2.16 
(+8.99%) 
127.5312.15 
(+9.38%) 
T4 
0±0 
(-100%) 
010 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
LSD 
5% 
1% 
1.67 
2.42 
1.69 
2.47 
1.74 
2.53 
1.71 
2.49 
1.64 
2.38 
Mean +SD within parenthesis per cent over the control 
Table 306. Projected values of total dry weight (mg) of Spirodeln polyrrhizn in 
each polyvenyl cup treated with varying concentrations of NPK in 
proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.0212.14 
68.0212.14 
68.0212.14 
68.0212.14 
68.0212.14 
Ti 
90.7112.06 
(+33.36%) 
102.2912.12 
(+50.39%) 
92.0813.18 
(+35.38%) 
87.1911.93 
(+28.19%) 
97.9112.04 
(+43.95%) 
T2 
110.9212.16 
(+63.07%) 
111.9712.22 
(+64.62%) 
112.7311.87 
(+65.74%) 
106.9011.96 
(+57.18%) 
124.5711.46 
(+83.14%) 
T3 
97.6412.25 
(+43.55%) 
98.0912.18 
(+44.21%) 
98.8712.33 
(+45.36%) 
82.8812.15 
(+21.85%) 
105.3512.18 
(+54.89%) 
T4 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
LSD 
5% 
1% 
1.81 
2.64 
1.82 
2.65 
2.20 
3.20 
1.73 
2.51 
1.73 
2.52 
Mean +SD within parenthesis per cent over the control 
Table 29A. Dry weight (mg g-^  fresh weight) of Spiwdeln pobjrrliizn treated with 
varying concentrations of the combination of urea and potash in 
proportion to their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatnients 
To 
116.60±1.79 
116.60±1.79 
116.60±1.79 
116.60+1.79 
116.60±1.79 
T, 
120.05±1.84 
(+2.96%) 
121.54±2.31 
(+4.24%) 
120.07±1.69 
(+3.07%) 
121.22±1.08 
(+3.97%) 
122.42±2.14 
(+5.0%) 
T2 
126.33±1.94 
(+8.35%) 
127.62±2.04 
(+9.46%) 
125.70±2.79 
(+7.81%) 
127.26+1.93 
(+9.15%) 
129.13+2.20 
(+10.75%) 
T3 
122.73±2.09 
(+5.26%) 
124.07±1.78 
(+6.41%) 
122.58±1.94 
(+5.13%) 
123.37±2.19 
(+5.18%) 
125.19±3.11 
(+7.37%) 
T4 
115.46±1.95 
(-0.98%) 
117.64±2.03 
(+0.89%) 
n5.73±2.08 
(-0.75%) 
116.74±2.35 
(+0.12%) 
118.58±2T7 
(+1.70%) 
LSD 
5% 
1% 
0.22 
0.32 
0.41 
0.60 
0.83 
1.21 
0.93 
1.35 
0.93 
1.35 
Mean ±SD within parenthesis per cent over the control 
Table 29B. Projected values of total dry weight (mg) of Spirodela polyrrhiza in 
each polyvenyl cup treated with varying concentrations of the 
combination of urea and potash in proportion to their consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
68.02±2.14 
Ti 
73.0712.18 
(+7.43%) 
100.40±2.13 
(+47.61%) 
104.41±2.12 
(+53.50%) 
84.33±1.87 
(+23.98%) 
69.19+1.13 
(+1.73%) 
T2 
93.37±1.96 
(+37.27%) 
110.97±2.24 
(+63.15%) 
125.70±1.89 
(+84.80%) 
110.66±1.82 
(+62.69%) 
101.06±2.18 
(+48.58%) 
T3 
80.04±2.09 
(+17.68%) 
102.49±1.98 
(+50.68%) 
117.2511.96 
(+72.38%) 
96.55+1.94 
(+41.95%) 
76.20+1.89 
(+12.03%) 
T4 
57.1312.08 
(-15.13%) 
58.8212.19 
(-13.53%) 
72.3312.12 
(+6.34%) 
53.5111.79 
(-21.33%) 
54.3511.96 
(-20.10%) 
LSD 
5% 
1% 
0.16 
0.23 
0.18 
0.27 
0.21 
0.31 
0.26 
0.38 
0.80 
1.16 
Mean ±SD within parenthesis per cent over the control 
^ T ' ' « ^ 
in plants treated with varying concentrations of urea and potash of the 
proportion to 1961-62 did not induce much changes as compared to the 
treatments in the years 1970-71,1980-81 and 1990-91. 
The Table 30A and SOB show that data on the variations in dry 
weight accumulation in Spirodela polynhiza treated with varying 
concentrations of N, P and K (together) consumed in varying years. The 
total dry weight accumulation was relatively less in response to the 
treatments Ti, T2 and T3 of the years 1961-62 and 1990-91. Due to early 
disappearance of S. polynhiza, no dry weight accumulation took place in 
response to higher concentration (T4) of NPK. 
The data summarised in Table 31 show the impact of varying 
concentrations of NPK in ratios relative to the consumption rates in 
varying years on the population of Lemna minor treated in large earthen 
pots (Plates 11 and 14). The population of L. minor on eleventh day was 
relatively higher in response to the treatments with the NPK in ratios of 
the years 1961-62 and 1990-91. The population growth in the pots 
having NPK ratio equivalent to 1970-71, 1980-81 and 2000-01 were 
almost in the same range on eleventh day. In large earthen pots, the 
Lemna minor did not show any significant population growth in 
response to higher concentrations of NPK. In some cases, the plants 
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Table 31. Population growth of Lemna minor treated with varying concentrations 
of NPK in proportion to their consumption ratio in varyii^g years 
Year 
CN 
1 
r-l 
ON 
1—1 
1 
OS 
rH 
rH 
00 
1 o 
00 
t-H 
t-H 
a^  
1 o 
ON 
ON 
r-l 
r-i o 
1 
o 
o 
o 
Growth 
Stage 
(Days) 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
Treatments 
To 
165±2.5 
203±3.5 
236±1.0 
27311.5 
281±4.5 
165±2.5 
203±3.5 
236±1.0 
273±1.5 
281±4.5 
165+2.5 
203±3.5 
236+1.0 
273±1.5 
281±4.5 
165+2.5 
203+3.5 
236±1.0 
273±1.5 
281±4.5 
165±2.5 
203±3.5 
236±1.0 
273±1.5 
28114.5 
T, 
17412.5 
21314.5 
24112.5 
28613.5 
30413.5 
17113.5 
21711.5 
25014.5 
28613.5 
30713.5 
17213.0 
21511.5 
24213.5 
29513.5 
29414.5 
17412.5 
22412.5 
25013.5 
29513.5 
31313.5 
17212.5 
21313.5 
24112.5 
28614.5 
29413.5 
1"2 
182+1.5 
23614.5 
27413.6 
31112.5 
35912.5 
181+3.0 
24113.0 
28013.5 
34513.5 
33013.5 
18313.5 
23613.5 
28512.5 
348+3.0 
323+3.5 
194+1.5 
24714.5 
28314.5 
34812.5 
34712.5 
19512.5 
23614.0 
27412.5 
31114.0 
32313.5 
T.i 
16112.5 
18914.0 
22313.5 
24712.5 
26513.5 
16213.5 
19711.5 
23313.0 
25014.5 
25512.5 
16313.5 
19712.5 
23413.0 
26912.5 
25714.5 
17312.5 
20311.5 
22913.5 
26913.5 
26413.5 
17313.5 
18912.5 
22312.0 
24713.5 
25711.5 
T.. 
146+2.5 
010 
010 
OlO 
010 
14311.0 
010 
010 
010 
010 
18213.5 
010 
010 
010 
010 
15413.5 
18213.5 
OiO 
010 
010 
15713.5 
010 
OlO 
010 
010 
Significance 
ANOVA 
31(i) 
ANOVA 
31(ii) 
ANOVA 
31(iii) 
ANOVA 
31 (iv) 
ANOVA 
31 (V) 
Data —> Mean + Standard deviation 
Initial number of individuals = 100 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 31 (i 
ss 
312.51 
563695.41 
66808.35 
122341.39 
115.49 
MSS 
156.25 
140923.85 
16702.09 
7646.34 
2.41 
F value 
58568.80 
6941.49 
3177.86 
LSD at 5% 
1.13 
1.13 
3.00 
LSD at 1 % 
1.51 
1.51 
3.37 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 31 (ii) 
SS 
302.91 
577988.45 
62949.65 
121771.95 
120.43 
MSS 
151.45 
144497.11 
15737.41 
7610.75 
2.51 
F value 
57593.91 
6272.65 
3033.51 
LSD at 5% 
1.16 
1.16 
3.00 
LSD at 1% 
1.54 
1.54 
3.44 
Source of variation 
Replication 
Treatnients 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 31 (ii 
SS 
333.36 
537313.73 
58695.73 
157825.20 
117.97 
MSS 
166.68 
134328.43 
14673.93 
9864.08 
2.46 
0 
F value 
54654.12 
5970.37 
4013.39 
LSD at 5% 
1.15 
1.15 
3.00 
LSD at 1% 
1.52 
1.52 
3,41 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
Ah 
SS 
333.15 
423676.19 
47993.79 
192329.41 
102.85 
[OVA 31 (iv 
MSS 
166.57 
105919.05 
11998.45 
12020.59 
2.14 
') 
F value 
49430.40 
5599.45 
5609.78 
LSD at 5% 
1.07 
1.07 
2.00 
LSD at 1 % 
1.42 
1.42 
3.18 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 31 (v) 
SS 
302.91 
539170.53 
48937.33 
118889.47 
110.43 
MSS 
151.45 
134792.63 
12234.33 
7430.59 
2.30 
F value 
58591.16 
5317.98 
3229.90 
LSD at 5% 
1.11 
1.11 
2.00 
LSD at 1% 
1.47 
1.47 
3.30 
Plate 11 shows the abundance of population of Lemna minor in large earthen 
pots containing 15 litres of varying concentrations of NPK 
proportionate to the amount consumed in the year 1961-62 (To to T4). To 
consists of tap water without nutrient. 
T4 
Plate-11 
Fig. 2. Per cent variation in the population of Lemna minor over the control 
treated with varying concentrations of NPK proportionate to the 
amount utilized in varying years as mentioned in parts A, B, C, D and 
E of Fig. 2. 
Figure 2 
dried up by eleventh day cifter showing a peak in the population 
growth by ninth day indicating increased accumulating toxicity (i'ig. 2). 
The data summarised in Table 32A and 32B show the dry weight 
of Leninn minor mg g-^  fresh weight and mg pot^ respectively. The Ti, T2 
and T3 concentrations of NPK (in proportion to consumption ratio in 
varying years) increased dry weight accumulation in /.. minor as 
compared to control. The dry weight accumulation pot-' increased 
considerably in response to Ti and T2 concentrations of NPK in 
proportionate ratio as consumed in varying years (Table 32B). 
The data summarised in Table 33 show NPK uptake (mg pot-i) in 
Lemrm minor. The NPK uptake in control plants was in the ratio of 9:1:6 
in varying years but in treated plants there was relatively greater 
uptake of NPK in varying ratios. Significant alterations in the relative 
proportions of the NPK uptake are evident in pots maintaining the ratio 
of 1961-62 and 1990-91. It is evident from the table that the uptake of 
nitrogen, phosphorus and potash was relatively higher in L. iinnor 
treated with varying concentrations of urea, SSP and potash. 
The data summarised in Table 34 show the chlorophyll content 
(Chi «, b and total) in mg g-^  fresh weight of Lemna minor treated with 
varying concentrations of urea, SSP and potash (NPK) consumed in 
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Table 32A. Dry weight (mg g-^  fresh weight) of Lenina minor treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Mean ± S 
Treatments 
To 
122.51±1.85 
122.51±1.85 
122.51+1.85 
122.51+1.85 
122.51±1.85 
D within par 
Ti 
120.91±3.07 
(-1.31%) 
123.31±2.05 
(+0.66%) 
125.35±2.78 
(+2.32%) 
126.62±2.85 
(+3.36%) 
127.81+2.94 
(+4.33%) 
enthesis per 
T2 
126.57±2.78 
(+3.32%) 
128.22±2.82 
(+4.67%) 
128.42±2.50 
(+4.83%) 
131.20±2.16 
(+7.10%) 
132.88±2.24 
(+8.47%) 
cent over the 
T3 
123.42±2.85 
(+0.76%) 
124.09±2.24 
(+1.29%) 
123.32±2.15 
(+0.67%) 
126.66±2.82 
(+3.39%) 
129.54±2.62 
(+5.74%) 
control 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
2.38 
3.47 
2.00 
2.91 
2.06 
3.00 
2.19 
3.18 
2.17 
3.16 
Table 32B. Projected values of total dry weight (mg) of Lemna minor in each pot 
treated with varying concentrations of NPK in proportion to their 
consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Mean ± S 
Treatments 
To 
386.80±2.85 
386.80±2.85 
386.80±2.85 
386.80±2.85 
386.80±2.85 
J within par 
Ti 
427.40±2.19 
(+10.5%) 
440.19±2.18 
(+13.81%) 
428.52±2.70 
(+10.79%) 
460.84±2.66 
(+19.15%) 
436.93±2.93 
(+12.97%) 
enthesis per 
T2 
540.94±2.91 
(+39.86%) 
503.72±2,77 
(+30.23%) 
493.81±1.86 
(+27.67%) 
541.98±3.91 
(+40.12%) 
510.96±2.91 
(+32.10%) 
cent over the 
T3 
380.31±2.48 
(-1.68%) 
367.94±2.92 
(-4.88%) 
368.53±2.80 
(-4.72%) 
388.82±3.31 
(+0.44%) 
387.11±2.75 
(+0.09%) 
control 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
2.26 
3.29 
2.32 
3.38 
2.28 
3.31 
2.83 
4.12 
2.41 
3.50 
Table 33. NPK content (mg poH) in Lemna minor treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
(N 
I 
r-i 
SO 
ON 
r-t 
rH 
IN 
1 
O t^ 
ON 
I—I 
CO 
1 
O 
00 
ON 
ON 
1 
o 
ON 
ON 
r-i 
r-i 
O 
1 
O 
o 
o 
(N 
Meand 
TrciUinents 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
: S D w 
To 
11.3±0.3 
1.20±0.03 
7.7±0.4 
9:1:6 
11.3±0.3 
1.20±0.03 
7.7±0.4 
9:1:6 
11.3±0.3 
1.20±0.03 
7.7±0.4 
9:1:6 
11.3±0.3 
1.20±0.03 
7.7±0.4 
9:1:6 
11.3±0.3 
1.20±0.03 
7.7±0.4 
9:1:6 
ithin parent. 
Ti 
13.4±0.2 
(+18.59%) 
1.62±0.02 
(+35.00%) 
8.2±0.2 
(+6.50%) 
8:1:5 
13.7±0.4 
(+21.24%) 
1.58±0.04 
(+32.50%) 
8.7±0.1 
(+12.99%) 
9:1:6 
14.4±0.3 
(+27.44%) 
1.50±0.03 
(+25.00%) 
9.4±0.3 
(+22.08%) 
9:1:6 
13.9±0.3 
(+23.01%) 
2.03±0.03 
(+69.17%) 
10.7±0.3 
(+38.19%) 
7:1:5 
12.9±0.2 
(+14.16%) 
1.70±0.02 
(+41.67%) 
10.8±0.3 
(+40.26%) 
8:1:6 
^lesis per cer 
T2 
20.2±0.3 
(+78.77%) 
2.1U0.04 
(+75.84%) 
12.3±0.3 
(+59.75%) 
10:1:6 
19.6±0.4 
(+73.46%) 
2.12±0.5 
(+76.67%) 
11.8±0.3 
(+53.25%) 
9:1:6 
19.8±3.2 
(+72.31%) 
1.93±0.03 
(+60.84%) 
12.5±0.2 
(+62.34%) 
10:1:6 
19.9±0.2 
(+76.11%) 
2.22±0.04 
(+85.00%) 
14.3±0.2 
(+85.72%) 
9:1:6 
18.9±0.36 
(+67.31 %) 
2.30±0.03 
(+91.67%) 
14.1±0.3 
(+83.12%) 
8:1:6 
it over the c 
T3 
13.4±0.3 
(+18.59%) 
1.41±0.03 
(+17.50%) 
8.3±0.2 
(+7.80%) 
10:1:6 
13.9±0.2 
(+23.01%) 
1.51±0.03 
(+25.84%) 
8.4±0.2 
(+9.10%) 
9:1:6 
14.1±0.2 
(+24.78%) 
1.62±0.04 
(+35.00%) 
8.3±0.2 
(+7.80%) 
9:1:5 
19.0±0.2 
(+68.15%) 
2.49±0.03 
(+107.50%) 
8.9±0.3 
(+15.59%) 
8:1:4 
16.910.2 
(+49.56%) 
1.66±0.04 
(+38.34%) 
9.4±0.2 
(+22.08%) 
8:1:6 
ontrol 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
T,)±o 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
10:1:6 
1..SD 
5% 
1% 
0.25 
0.36 
0.02 
0.03 
0.28 
0.41 
" a32' 
0.46 
0.03 
0.04 
0.30 
0.43 
0.48 
0.69 
0.03 
0.04 
0.28 
0.41 
0.23 
0.34 
0.03 
0.04 
0.29 
0.42 
0.45 
0.65 
0.03 
0.04 
0.29 
0.42 
Table 34. Chlorophyll content (mg g-^  fresh weight) in Lemna minor treated with 
varying concentrations of NPK in proportion to their consumption ratio 
in varying years 
Year 
OS 
1 
o 
IN 
0^ 
r-H 
00 
1 
O 
00 
ON 
rH 
Ov 
1 o 
ON 
ON 
rH 
rH 
O 
1 
O 
o 
o 
Mean H 
Treatments 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
: S D w 
To 
0.422±0.005 
0.313±0.004 
0.947±0.005 
0.422±0.005 
0.313±0.004 
0.947+0.005 
0.422±0.005 
0.313±0.004 
0.947±0.005 
0.422±0.005 
0.313±0.004 
0.947±0.005 
0.422±0.005 
0.313±0.004 
0.947±0.005 
ithin parent 
Ti 
0.576±0.005 
(+36.50%) 
0.405±0.007 
(+29.40%) 
1.001±0.008 
(+5.71%) 
0.598±0.006 
(+41.71%) 
0.342±0.005 
(+9.27%) 
1.025+0.005 
(+8.35%) 
0.595±0.005 
(+41.00%) 
0.348±0.007 
(+11.19%) 
0.989±0.008 
(+4.44%) 
0.451±0.006 
(+6.88%) 
0.334±0.005 
(+6.71%) 
1.012+0.062 
(+6.95%) 
0.514±0.004 
(+21.81%) 
0.418±0.007 
(+33.87%) 
0.984±0.006 
(+4.02%) 
lesis per cer 
T2 
0.643±0.006 
(+52.37%) 
0.463±0.008 
(+48.25%) 
1.280±0.007 
(+35.17%) 
0.659±0.008 
(+56.17%) 
0.398±0.008 
(+27.16%) 
1.192±0.006 
(+25.98%) 
0.652+0.005 
(+54.51%) 
0.455±0.006 
(+45.37%) 
1.227+0.062 
(+29.16%) 
0.518±0.004 
(+22.75%) 
0.38510.006 
(+23.01%) 
1.165±0.007 
(+23.03%) 
0.59310.007 
(+40.53%) 
0.47210.012 
(+51.12%) 
1.30910.008 
(+38.23%) 
\t over the c 
T3 
0.57810.003 
(+36.97%) 
0.38810.007 
(+23.97%) 
1.14510.008 
(+21.02%) 
0.61910.008 
(+46.69%) 
0.35410.006 
(+13.10%) 
1.069+0.011 
(+12.89%) 
0.61110.005 
(44.79%) 
0.37810.014 
(+20.77%) 
1.10210.007 
(+16.37%) 
0.45310.005 
(+7.35%) 
0.33810.008 
(+7.99%) 
1.01710.005 
(+7.40%) 
0.52710.003 
(+24.89%) 
().424±().()()5 
(+35.79%) 
1.21310.010 
(+28.09%) 
ontrol 
T4 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
()±() 
(-100%) 
0+0 
(-100%) 
LSD 
5% 
1% 
0.004 
0.006 
0.006 
0.008 
0.006 
0.008 
0.005 
0.008 
0.005 
0.008 
0.007 
0.010 
0.004 
0.005 
0.015 
0.022 
0.049 
0.071 
0.004 
0.006 
0.005 
0.008 
0.049 
0.072 
0.005 
0.007 
O.OOH 
0.012 
0.006 
0.009 
varying years. In treated plants, the chlorophyll a and h increased as 
compared to control. There was an overall increase in the chlorophyll 
content in response to Ti, T2 and T3 treatments. Maximum response of 
chlorophyll content in L. minor was recorded in response to T2 
treatment. Increase in chlorophyll a was more directly related with the 
treatment level but the maximum increase in chlorophyll content was 
recorded in response to T2 treatment. 
The data summarised in Table 35 show the NPK concentration in 
water after the treatment of Lenina minor for 11 days. The water analysis 
data revealed presence of amounts of potash in the water. In all 
concentrations there was a logarithmic increase in the NPK content in 
the water samples with the increased concentrations. A comparative 
account of the data of Table 33 and 35 shows that the uptake of nitrogen 
was higher in plants treated with urea, SSP and potash as compared to 
control plants. The uptake of nitrogen and potash per unit of 
phosphorus was 9 units and 6 units, respectively in control plants 
(Table 33). In majority of treatments, this uptake ratio was not 
maintained except in the treatments of the year 1970-71 (Table 33). 
Relatively greater amounts of potash together with phosphorus were 
translocated and fixed by L. minor when treated with varying 
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Table 35. NPK content (mg pot-^ ) in water as observed in each pot on 
termination of experiment with Lemna minor treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
1 
ON 
T—1 
I - H 
1 O 
K 0^ 
T-H 
00 
1 
O 
00 
(JN 
ON 
1 
o 
ON 
ON 
O 
1 
O 
o 
o 
(N 
Treatments 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
To 
8.7±0.6 
7.20±0.04 
160.5±2.16 
8.7±0.6 
7.20±0.04 
160.5+2.16 
8.7±0.6 
7.20±0.04 
160.5±2.16 
8.7±0.6 
7.20±0.04 
160.5±2.16 
8.7±0.6 
7.20±0.04 
160.5±2.16 
Ti 
11.410.6 
(+30.90%) 
7.23±0.05 
(+0.42%) 
162.0+1.7 
(+0.77%) 
10.8±0.6 
(+23.23%) 
7.43+0.11 
(+3.20%) 
161.0±2.1 
(+0.17%) 
10.3±0.6 
(+17.51%) 
7.41+0.12 
(+2.92%) 
163.5±2.4 
(+1.70%) . 
10.5±0.5 
(+20.60%) 
7.05±0.09 
(-2.08%) 
163.5±4.6 
(+1.70%) 
11.6±0.4 
(+32.38%) 
7.20±0.07 
(+0%) 
157.5±3.8 
(-2.05%) 
T2 
46.9±0.7 
(+436.28%) 
10.68±0.44 
(+48.20%) 
168.5±2.6 
(+4.8%) 
46.2±0.6 
(+428.27%) 
11.79±0.84 
(+63.75%) 
166.5±3.7 
(+3.61%) 
45.610.6 
(+421.06%) 
11.4911.17 
(+59.59%) 
171.013.6 
(+6.37%) 
44.410.6 
(+407.67%) 
12.2910.62 
(+70.70%) 
181.512.7 
(+12.88%) 
45.410.3 
(+418.77%) 
12.1510.40 
(+68.62%) 
168.013.8 
(+4.46%) 
T3 
492.415.5 
(+5532.73%) 
50.7712.85 
(+604.39%) 
258.0113.6 
(+60.48%) 
445.815.4 
(+4998.86%) 
61.3912.57 
(+7521.37%) 
265.513.8 
(+65.16%) 
447.318.8 
(+5012.13%) 
58.1813.56 
(+707.92%) 
279.014.6 
(+73.54%) 
443.113.5 
(+4967.17%) 
67.4114.81 
(+836.12%) 
283.514.6 
(+76.25%) 
453.616.7 
(+5084.22%) 
68.1013.15 
(+845.42%) 
258.013.7 
(+60.45%) 
T4 
4530.719.2 
(+51736.84%) 
445.4013.73 
(+6085.97%) 
1179.0+5.4 
(+633.46%) 
4749.3110.3 
(+54236.84%) 
552.8015.39 
(+7577.64%) 
1272.013.3 
(+691.36%) 
4664.718.3 
(+53270.37%) 
513.4014.63 
(+7030.14%) 
1462.514.8 
(+809.67%) 
4645.016.3 
(+53043.82%) 
615.2013.72 
(+8444.17%) 
1437.0+4.3 
(+793.87%) 
4506.018.1 
(+51450.00%) 
613.6015.78 
(+8419.44%) 
1293.015.4 
(+704.37%) 
LSD 
5% 
1% 
7.35 
10.70 
3.27 
4.76 
2.76 
4.02 
8.20 
11.93 
4.24 
6.18 
1.52 
2.21 
8.22 
11.96 
3.92 
5.71 
2.31 
3.36 
4.85 
7.05 
4.22 
6.14 
2.18 
3.18 
7.27 
10.58 
4.76 
6.93 
2.18 
3.17 
Mean ± SD within parenthesis per cent over the control 
concentrations of NPK. However, the phosphorus : potash uptake ratio 
was maintained around 1:6 in majority of the treatments (Table 33). 
The data summarised in Table 36 show turbidity, pH and 
dissolved oxygen in the water samples after the treatment of Lciiiim 
minor. The addition of urea, SSP and potash in varying concentrations 
increased water turbidity in proportions with the nutrient 
concentrations. The pH also increased accordingly. The dissolved 
oxygen showed a consistent decrease with Ihe increase in NPK 
concentration. The performance of L. minor in terms of population 
growth and chlorophyll was highest in response to T2 treatment. 
Almost double turbidity (in terms of NTU) was recorded in response to 
T4 treatment. The increase in water pH and decrease in dissolved 
oxygen seem to have affected the growth of selected duckweeds 
adversely. 
The data summarised in Table 37 show the impact of varying 
concentrations of NPK (in relative proportions as consumed in varying 
years) on the population of Spirodela polyrrhiza treated in large earthen 
pots (Plates 12 and 15). A glance on the data in(iicates that the NPK 
ratio equivalent to the consumption rate of 1961-62 showed a marginal 
increase in the population growth as compared to the ratios of NPK in 
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Table 36. Water quality analysis (Turbidity, pH and DO) as observed in each pot 
on termination of experiment with Lemna minor treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
CM 
1 
ON 
1 o 
OS 
I-H 
00 
1 o 
00 
ON 
T - l 
OS 
1 
O 
ON 
ON 
r-i 
O 
1 
O 
o 
o 
Treatments 
Tbd 
(NTU) 
pH 
DO 
(mgL-<) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
T) 
12±1 
8.1±0.3 
6.75±0.22 
12±1 
8.1±0.3 
6.75±0.22 
12±1 
8.1±0.3 
6.75±0.22 
12+1 
8.1±0.3 
6.75±0.22 
12+1 
8.1±0.3 
6.75±0.22 
T, 
15±3 
(+25%) 
8.3±0.2 
(+2.47%) 
6.32±0,14 
(-6.37%) 
14±2 
(+16.67%) 
8.2±0.3 
(+1.24%) 
6.39±0.15 
(-5.19%) 
14±3 
(+16.67%) 
8.3±0.3 
(+2.47%) 
6.25±0.16 
(-7.41%) 
14±1 
(+16.67%) 
8.2+0.2 
(+1.24%) 
6.59±0.18 
(-2.22%) 
14±3 
(+16.67%) 
8.3±0.3 
(+2.47%) . 
6.72±0.15 
(-0.44%) 
T2 
17±1 
(+41.67%) 
8.6±0.3 
(+6.18%) 
5.97±0.14 
(-11.56%) 
16±2 
(+33.34%) 
8.6±0.2 
(+6.18%) 
5.89+0.18 
(-12.74%) 
18±2 
(+50%) 
8.5±0.2 
(+4.94%) 
5.85±0.16 
(-13.19%) 
19±2 
(+58.34%) 
8.4±0.1 
(+3.71%) 
6.21±0.15 
(-7.85%) 
19±1 
(+58.34%) 
8.5±0.2 
(+4.94%) 
6.24±0.16 
(-7.41%) 
T^ 
21±2 
(+75%) 
9.0±0.2 
(+11.12%) 
5.68±0.16 
(-15.70%) 
18±2 
(+50%) 
8.9±.01 
(+9.88%) 
5.82±0.17 
(-13.78%) 
20±1 
(+66.67%) 
8.8±0.2 
(+8.65%) 
5.77±0.14 
(-14.52%) 
21±2 
(+75%) 
8.6+0.2 
(+6.18%) 
5.46±0.16 
(-18.96%) 
22±1 
(+83.34%) 
8.9+0.2 
(+9.88%) 
5.84±0.14 
(-13.33%) 
T„ 
24±3 
(+100%) 
9.6±0.4 
(+17.28%) 
5.49±0.16 
(-18.67%) 
22±2 
(+83.33%) 
9.4±0.1 
(+16.05%) 
5.65±0.15 
(-16.30%) 
24+1 
(+100%) 
9.510.3 
(+17.28%) 
5.5510.15 
(-17.63%) 
24+2 
(+100%) 
9.210.2 
(+13.58%) 
5.6710.16 
(-15.85%) 
2611 
(+116.67%) 
9.310.2 
(+14.81%) 
5.48+0.13 
(-18.67%) 
LSD 
5% 
1% 
1.88 
2.74 
0.18 
0.26 
0.06 
0.09 
0.84 
1.23 
0.19 
0.27 
0.05 
0.08 
1.68 
2.45 
0.10 
0.15 
0.06 
0.08 
1.03 
1.50 
0.13 
0.19 
0.05 
0.07 
1.68 
2.45 
0.10 
0.15 
0.06 
0.09 
Mean + SD within parenthesis per cent over the control 
Table 37. Population growth of Spirodela pobjrrhiza treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
CN 
1 
rH 
CTN 
1—1 
1 
o 
r-l 
I—1 
00 
1 
O 
00 
ON 
r-l 
r-l 
ON 
1 
O 
ON 
o\ 
r-l 
r-< 
O 
1 
O 
o 
o 
Growth 
Stage 
(Days) 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
Treatments 
To 
34±1 
42±2 
51±3 
52±2 
54±1 
34±1 
42±2 
51±3 
52+2 
54±1 
34±1 
42±2 
51±3 
52±2 
54±1 
34+1 
42±2 
51±3 
52±2 
54±1 
34±1 
42±2 
51±3 
52±2 
54±1 
Ti 
36±1.5 
44±2 
54±2 
56±3 
59±3 
34±2 
48±4.5 
53±2 
49±3.5 
57±4 
33±1 
48±3.5 
52±2 
54±2.5 
56±4.5 
33±3 
50±2 
49±4 
53±3 
55±3 
35±3 
42±1.5 
51±3.5 
53±3 
55±1.5 
T2 
41±1 
51+2 
62±1 
66±1 
70±3 
40±2.5 
54±2.5 
63±2 
57±2.5 
69±5.5 
39±3 
57±2 
62±2.5 
62±3 
67±4.5 
38±2 
55±4 
58±6 
61±3 
65±5 
40±1 
51+1.5 
60±4 
62±3 
65+3.5 
T3 
36±3 
44±2 
54±1 
54±1 
55±3 
35±5.5 
47±1 
52±4 
48±3.5 
57±3 
35±4.5 
46±3.5 
49±4 
52±4.5 
55±2 
35±5 
43±4 
44+3 
51±3.5 
54±4 
34±3.5 
39±2 
47±3.5 
49±3.5 
51±3 
T4 
25+2 
22+1 
0+0 
0+0 
0±0 
21±1 
0±0 
0±0 
0±0 
0±0 
20±2 
18±1 
0±0 
0+0 
0±0 
20±4.2 
0+0 
0±0 
0+0 
0+0 
18±1.5 
0±0 
0±0 
0±0 
0±0 
Significance 
ANOVA 
37(i) 
ANOVA 
37(ii) 
ANOVA 
37(iii) 
ANOVA 
37(iv) 
ANOVA 
37(v) 
Data —> Mean ± Standard deviation 
Initial number of individuals = 20 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
A N O V A 37 (i 
SS 
44.91 
21519.33 
1711.73 
5678.93 
139.76 
MSS 
22.45 
5379.83 
427.93 
354.93 
2.91 
) 
F value 
1847.67 
146.97 
121.90 
LSD at 5% 
1.25 
1.25 
3.00 
LSD at 1% 
1.66 
1.66 
3.71 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
A N O V A 37 (ii) 
SS 
209.79 
26101.41 
1837.41 
3196.99 
145.55 
MSS 
104.89 
6525.35 
459.35 
199.81 
3.03 
F value 
2152.00 
151.49 
65.90 
LSD at 5% 
1.27 
1.27 
3.00 
LSD at 1 % 
1,69 
1.69 
3.78 
ANOVA 37 (iii) 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
SS 
230.48 
22906.45 
1845.79 
3545.55, 
132.85 
MSS 
115.24 
5726.61 
461.45 
221.60 
2.77 
F value 
2069.02 
166.72 
80.06 
LSD at 5% 
1.22 
1.22 
3.00 
LSD at 1% 
1.62 
1.62 
3.61 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
Ah 
SS 
318.48 
25561.01 
1724.21 
2882.32 
184.85 
O V A 37 (iv 
MSS 
159.24 
6390.25 
431.05 
180.15 
3.85 
) 
F value 
1659.32 
111.93 
46.78 
LSD at 5% 
1.43 
1.43 
3.00 
LSD at 1 % 
1.91 
1.91 
4.26 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
A N O V A 37 (v) 
SS 
158.96 
25372.19 
1881.25 
2481.95 
112.37 
MSS 
79.48 
6343.05 
470.31 
155.12 
2.34 
F value 
2709.40 
200.89 
66.26 
LSD at 5% 
1.12 
1,12 
2.00 
LSD at 1 % 
1.49 
1.49 
3.32 
Plate 12 shows the abundance of population of Spirodela polyrrhizn in large 
earthen pots containing 15 litres of varying concentrations of NPK 
proportionate to the amount consumed in the year 1961-62 (To to T.i). To 
consists of tap water without nutrient. 
y**! 
i 
Plate-12 
other years. The higher concentration (0.1%) of NPK was deleterious for 
the growth of Spirodela polyrrhiza. Even 0.01% of NPK hampered the 
population growth in Spirodela polyrrhiza. However, lighter (0.001% & 
0.0001%) concentrations of NPK increased the population of S. 
polyrrhiza (Table 37; Fig. 3). 
The data summarised in Table 38A and 38B show the dry weight 
of Spirodela polyrrhiza in mg g-i fresh weight and mg pot^ treated with 
varying concentrations of urea, single super phosphate and potash 
consumed in varying years. The dry weight accumulation in S. 
polyrrhiza increased in response to all concentrations of fertilizers as 
compared to control. The NPK concentration of 0.001% was more 
effective in increasing the dry weight of the selected duckweed. 
The data summarised in Table 39 show the NPK content in plants 
treated with varying concentrations of urea, SSP and potash. High 
uptake of nitrogen, phosphorus and potash was recorded in proportion 
to the consumption rates in all five years. However, the proportionate 
uptake of nitrogen and potash against each unit uptake of phosphorus 
were relatively high in plants treated with fertilizers. In higher 
concentrations, the relative uptake of nitrogen was higher probably due 
to reduced P uptake. On minor increase in the phosphorus content in 
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Fig. 3. Per cent variation in the population of Spirodeln polyrrhizn over the 
control treated with varying concentrations of NPK proportionate to 
the amount utilized in varying years as mentioned in parts A, B, C, D 
and E of Fig. 3. 
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Figure 3 
rable 38A. Dry weight (mg g-^  fresh weight) of Spirodela polyrrhiza treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Mean ± S 
Treatments 
To 
122.68±1.55 
122.68±1.55 
122.68±1.55 
122.68±1.55 
122.68±1.55 
D within par 
Ti 
124.76±3.39 
(+1.70%) 
135.40±4.13 
(+10.73%) 
136.48±3.89 
(+11.25%) 
127.71±3.19 
(+4.11%) 
130.51±3.28 
(+6.4%) 
enthesis per 
T2 
130.61±4.08 
(+6.47%) 
140.12±3.16 
(+14.22%) 
142.09±3.47 
(+15.83%) 
136.63±3.89 
(+11.38%) 
140.43+3.72 
(+14.47%) 
T3 
127.35±2.26 
(+3.82%) 
134.37±3.15 
(+9.54%) 
138.19±2.48 
(+12.54%) 
130.95±3.79 
(+6.75%) 
133.64±3.23 
(+8.94%) 
cent over the control 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
3.00 
4.37 
3.07 
4.46 
2.94 
4.28 
3.15 
4.59 
2.93 
4.26 
Table 38B. Projected values of total dry weight (mg) of Spirodela polyrrhiza in 
each pot treated with varying concentrations of NPK in proportion to 
their consumption ratio in varying years 
Year 
1961-62 
1970-71 
1980-81 
1990-91 
2000-01 
Treatments 
To 
276.04±2.18 
276.04±2.18 
276.04+2.18 
276.04±2.18 
276.04±2.18 
T, 
320.05±3.31 
(+15.95%) 
335.57±4.68 
(+21.57%) 
332.31±3.74 
(+20.39%) 
305.40±3.66 
(+10.64%) 
312.08±3.77 
(+13.06%) 
T2 
397.52±4.73 
(+44.01%) 
420.35±3.73 
(+52.28%) 
413.94±4.35 
(+49.96%) 
386.12±4.26 
(+39.88%) 
396.86±4.85 
(+43.77%) 
T3 
304.54±4.33 
(+10.33%) 
333.01±3.17 
(+20.64%) 
330.47±3.41 
(+19.72%) 
307.44±4.63 
(+11.38%) 
296.33±4.12 
(+7.36%) 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
3.58 
5.21 
3.36 
4.88 
3.24 
4.71 
3.56 
5.18 
3.63 
5.29 
Mean + SD within parenthesis per cent over the control 
Table 39. NPK content (mg poH) in Spirodela pobjrrhiza treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
1 
ON 
1—1 
1 
ON 
00 
1 
O 
oo 
ON 
r-i 
0^  1 O 
OS 
ON 
rH 
r-i 
O 
1 
o 
o 
o 
CN 
Mean i 
Treatments 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
N 
P 
K 
Ratio 
: S D w 
To 
8.9±.04 
1.06±0.05 
5.8±0.4 
8:1:4 
8.9±0.4 
1.06±0.05 
5.8±0.4 
8:1:4 
8.9±0.4 
1.06±0.05 
5.8±0.4 
8:1:4 
8.9±0.4 
1.06±0.05 
5.8±0.4 
8:1:4 
8.9±0.4 
1.06±0.05 
5.8±0.4 
8:1:4 
ithin paren t 
Ti 
10.2±0.3 
(+14.61%) 
1.13±0.08 
(+6.61%) 
6.8±0.3 
(+17.25%) 
9:1:6 
11.8±0.5 
(+32.59%) 
1.30±0.06 
(+22.65%) 
7.7±0.2 
(+32.76%) 
9:1:6 
11.3±0.4 
(+26.97%) 
1.32±0.08 
(+24.53%) 
7.7±0.2 
(+32.76%) 
9:1:6 
9.6±0.4 
(+7.87%) 
1.27±0.07 
(+19.82%) 
7.4±0.3 
(+27.59%) 
8:1:6 
10.4±0.3 
(+16.86%) 
1.35±0.07 
(+27.36%) 
7.9±0.5 
(+35.69%) 
8:1:6 
lesis per cer 
T2 
16.2±0.4 
(+82.03%) 
1.63±0.10 
(+53.78%) 
9.9±0.5 
(+70.69%) 
10:1:6 
16.6±0.4 
(+86.52%) 
1.88±0.09 
(+77.36%) 
10.5±0.3 
(+81.04%) 
9:1:5 
17.5±0.2 
(+96.63%) 
1.89±0.09 
(+78.31%) 
10.7±0.5 
(+84.49%) 
9:1:6 
14.7±0.5 
(+65.17%) 
1.83±0.08 
(+72.65%) 
10.4±0.4 
(+79.32%) 
8:1:6 
10.3±0.3 
(+15.34%) 
1.97±0.08 
(+85.85%) 
11.6±0.5 
(+100%) 
5:1:6 
It over the c 
T3 
11.7±0.5 
(+31.47%) 
1.19±0.08 
(+12.27%) 
7.1±0.3 
(+22.42%) 
10:1:6 
15.1±0.3 
(+69.67%). 
1.56±0.10 
(+47.17%) 
8.1+0.1 
(+39.66%) 
10:1:5 
15.9±0.5 
(+78.66%) 
1.50±0.09 
(+41.51%) 
8.4±0.3 
(+44.83%) 
11:1:6 
14.4±0.4 
(+61.80%) 
1.42+0.06 
(+33.97%) 
8.2±0.3 
(+41.38%) 
10:1:6 
15.6±0.4 
(+75.29%) 
1.40±0.05 
(+32.08%) 
8.1±0.2 
(+39.66%) 
11:1:6 
ontrol 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
0.36 
0.53 
0.07 
0.09 
0.35 
0.51 
0.36 
0.53 
0.07 
0.10 
0.30 
0.43 
0.38 
0.55 
0.06 
0.09 
0.36 
0.53 
0.37 
0.53 
0.06 
0.08 
0.31 
0.45 
0.31 
0.45 
0.05 
0.07 
0.39 
0.57 
the water, the uptake of niti-ogen and potash was noted to be magnified 
manifold. 
The data summarised in Table 40 show the chlorophyll 
concentrations (Chi a, b and total) in S. polyrrhiza treated with varying 
concentrations of urea, SSP and potash in proportions to the amounts 
used in varying years. The chlorophyll a, b and total chlorophyll content 
increased with concentration level of the nutrient upto 0.001% (T2) of 
NPK. Greater chlorophyll concentrations were noted in 1961-62 and 
2000-01. Chlorophyll b showed greater degree of sensitivity to nutrient 
enrichment than chlorophyll a. 
The Table 41 shows the NPK content in water analysed after the 
treatment of S. polyrrhiza in 15 L earthen pots. The uptake of nitrogen, 
potash and phosphorus was very high in pots in all concentrations of 
NPK. The potash content did not show much variation between control 
and Ti or T2 treatments due to the presence of large amount of potash in 
tapwater. In Ti and T2 pots, the concentration of potash varied between 
157.5 to 167.5 mg pot-^. 
The data summarised in Table 42 show the turbidity, pH and 
dissolved oxygen in water samples collected from all pots after the 
treatment of Spirodela polyrrhiza. The addition of NPK exudates after the 
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Table 40. Chlorophyll content (mg g-^  fresh weight) in Spirodeln polyrrhizn treated 
with varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
(N 
so 
1 
1—1 
r-l 
1 
O 
Ov 
I—1 
I—1 
CO 
1 o 
00 
ON 
r-l 
ON 
1 
o 
ON 
ON 
r-l 
r-i 
O 
1 
O 
O 
o 
Meand 
Treatments 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
Chi a 
Chlb 
Total 
Chi 
: SD w 
To 
0.577±0.044 
0.355±0.027 
0.997±0.043 
0.577±0.044 
0.355+0.027 
0.997±0.043 
0.577±0.044 
0.355±0.027 
0.997±0.043 
0.577±0.044 
0.355±0.027 
0.997+0.043 
0.577±0.044 
0.355±0.027 
0.997±0.043 
ithin parent 
Ti 
0.660±0.032 
(+13.80%) 
0.377±0.029 
(+5.56%) 
1.148±0.027 
(+15.15%) 
0.619±0.037 
(+6.90%) 
0.437±0.034 
(+23.10%) 
1.066+0.024 
(+6.93%) 
0.595±0.034 
(+3.45%) 
0.383±0.032 
(+7.89%) 
1.046±0.028 
(+4.92%) 
0.577±0.049 
(+0%) 
0.419±0.032 
(+18.03%) 
1.083±0.032 
(+8.63%) 
0.582+0.013 
(+1.73%) 
0.45210.016 
(+27.33%) 
1.174±0.035 
(+17.76%) 
lesis per cer 
T2 
0.729±0.040 
(+25.87%) 
0.428±0.040 
(+19.45%) 
1.294±0.029 
(+29.79%) 
0.693±0.042 
(+20.69%) 
0.429+0.031 
(+20.85%) 
1.190±0.036 
(+19.36%) 
0.682±0.035 
(+18.97%) 
0.44510.028 
(+25.36%) 
1:19110.033 
(+19.46%) 
0.67910.026 
(+17.25%) 
0.48810.037 
(+37.47%) 
1.22310.026 
(+22.67%) 
0.64610.027 
{+12.07%) 
0.51110.028 
(+43.95%) 
1.29510.034 
(+29.89%) 
It over the c 
T3 
0.66810.037 
(+15.52%) 
0.38210.028 
(+8.34%) 
1.16010.026 
(+16.35%) 
0.64610.034 
(+12.07%) 
0.37210.016 
(+4.79%) 
1.08210.031 
(+8.53%) 
0.63210.025 
(+10.35%) 
0.39710.042 
(+11.84%) 
1.13610.012 
(+13.95%) 
0.63910.018 
(+10.35%) 
0.463+0.024 
(+30.43%) 
1.24410.025 
(+24.78%) 
0.60910.025 
(+5.18%) 
0.47910.037 
(+34.93%) 
1.27410.028 
(+27.79%) 
ontrol 
T4 
010 
(-100%) 
010 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
LSD 
5% 
1% 
0.033 
0.048 
0.027 
0.040 
0.029 
0.043 
0.033 
0.048 
0.026 
0.037 
0.031 
0.045 
0.031 
0.045 
0.029 
0.042 
0.032 
0.047 
0.037 
0.054 
0.026 
0.039 
0.030 
0.043 
0.030 
0.044 
0.026 
0.038 
0.031 
0.045 
Table 41. NPK content (mg pot-^ ) in water as observed in each pot on 
termination of experiment with Spirodela polyrrhiza treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
so 
1 
rH 
OS 
rH 
1 
o 
ON 
rH 
00 
1 
O 
00 
ON 
rH 
ON 
1 
o 
ON 
a> 
rH 
1—1 
O 
1 
o o o 
CN 
Treatments 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
To 
8.4±0.3 
6.90±0.20 
160.5±0.5 
8.4±0.3 
6.90±0.20 
160.5±0.5 
8.4±0.3 
6.90±0.20 
160.5±0.5 
8.4±0.3 
6.90+0.20 
160.5±0.5 
8.4±0.3 
6.90±0.20 
160.5+0.5 
T, 
12.9±0.4 
(+53.22%) 
6.90±0.15 
(+0%) 
157.5±0,4 
(-1.89%) 
10.1±0.4 
(+20.24%) 
6.95±0.13 
(+0.73%) 
158.5±0.7 
(-1.26%) 
10.7±0.2 
(+27.03%) 
7.05±0.11 
(+2.18%) 
160.2±0.3 
(-0.16%) 
11.6±0.6 
(+38.58%) 
7.20±0.1 
(+4.50%) 
160.2±0.3 
(-0.19) 
11.1±0.5 
(+30.24%) 
6.90+0.08 
(+0%) 
159.5±0.6 
(-0.62%) 
T2 
39.8±0.6 
(+373.46%) 
10.15±0.22 
(+47.11%) 
166.111.2 
(+3.48%) 
43.4±0.8 
(+416.31%) 
11.40±0.24 
(+65.22%) 
166.5±1.3 
(+3.72%) 
42.9+1.7 
(+410%) 
10.95±0.54 
(+58.70%) 
167.5±1.5 
(+4.18%) 
42.3±0.7 
(+403.22%) 
12.15±0.36 
(+76.09%) 
167.5±1.2 
(+4.39%) 
41.110.9 
(+383.18%) 
11.7510.52 
(+70.29%) 
160.0+0.7 
(-0.33%) 
T3 
476.411.5 
{+557im%) 
49.35%2.85 
(+615.22%) 
250,514.4 
(+56.06%) 
434.413.1 
(+5071.08%) 
59.2512.35 
(+758.70%) 
266.014.2 
(+65.72%) 
449.3+3.4 
(+5248.46%) 
55.6512.78 
(+706.53%) 
286.514.2 
(+78.49%) 
425.613.8 
(+4965.96%) 
65.913.34 
(+855.08%) 
281.513.3 
(+75.36%) 
443.3+3.5 
(+5114.59%) 
64.3512.18 
(+832.61%) 
272.013.6 
(+69.44%) 
T4 
5053.414.2 
(+60059.17%) 
441.3014.45 
(+6295.65%) 
1162.515.1 
(+624.26%) 
4680.313.7 
(+55617.5%) 
548.8516.51 
(+7854.35%) 
1258.515.7 
(+684.07%) 
4610.714.3 
(+54789.29%) 
509.1016.60 
(+7278.26%) 
1409.516.8 
(+778.16%) 
4415.212.8 
(+52462.38%) 
616.8015.33 
(+8839.13%) 
1433.514.8 
(+793.11%) 
4505.914.6 
(+52909.88%) 
609.45+6.27 
(+8732.61%) 
1288.014.6 
(+702.47%) 
LSD 
5% 
1% 
3.06 
4.46 
3.73 
5.42 
4.25 
().19 
3.00 
4.36 
5.18 
7.53 
4.41 
6.42 
3.46 
5.03 
5.22 
7.60 
5.27 
7.67 
2.96 
4.30 
4.45 
6.47 
3.69 
5.37 
3.78 
5.50 
4.91 
7.15 
3.66 
5.32 
Mean ± SD within parenthesis per cent over the control 
Table 42. Water quality analysis (Turbidity, pH and DO) as observed in each pot 
on termination of experiment with Spirodela polyrrhiza treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
(N 
1 
r-i 
ON 
I—1 
tN 
1 O 
I \ 
CT^ 
!—1 
00 
1 
O 
CO 
ON 
T — 1 
T — 1 
ON 
1 
o 
ON 
ON 
r-i 
r-i 
O 
1 
o o o 
CN 
Treatments 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
To 
12±2 
8.1±0.3 
6.82±0.25 
12±2 
8.1±0.3 
6.82±0.25 
12±2 
8.1±0.3 
6.82±0.25 
12+2 
8.1±0.3 
6.82±0.25 
12±2 
8.1±0.3 
6.82±0.25 
Ti 
12±1 
(+0%) 
8.2+0.2 
(+1.2.4%) 
6.20i:0.29 
(-9.09%) 
13±2 
(+6%) 
8.2±0.3 
(+1.24%) 
6.69±0.3(3 
(-1.91%) 
14±2 
(+14%) 
8.3±0.3 
(+2.47%) 
6.10±0.23 
(-10.56%) 
15±2 
(+25%) 
8.4±0.2 
(+3.71%) 
6.23±0.20 
(-8.80%) 
15±1 
(+25%) 
8.5+0.3 
(+4.57%) 
6.76±0.27 
(-0.88%) 
- . 
T2 
15±2 
(+25%) 
8.510.2 
(+4.94%) 
5.85±0.38 
(-14.22%) 
15±2 
(+25%) 
8.4±0.2 
(+6.18%) 
5.98±0.44 
(-12.32%) 
16±1 
(+33%) 
8.6+0.2 
(+6.18%) 
6.25±0.39 
(-8.36%) 
20±1 
(+64%) 
8.8±0.3 
(+8.65%) 
6.02±0.29 
(-11.73%) 
18±1 
(+50%) 
8.8±0.4 
(+8.28%) 
6.13±0.31 
(-10.12%) 
T3 
18±2 
(+50%) 
8.9±0.3 
(+9.51%) 
5.6410.27 
(-17.30%) 
1911 
(+60%) 
8.710.1 
(+9.08%) 
6.1910.37 
(-9.24%) 
2112 
(+75%) 
8.910.3 
(+9.88%) 
5.9610.35 
(-12.61%) 
2311 
(+89%) 
9.110.1 
(+12.35%) 
5.6510.33 
(-17.16%) 
2212 
(+83%) 
9.110.3 
(+11.98%) 
5.8410.23 
(-14.37%) 
T4 
2313 
(+89%) 
9.2+0.2 
(+13.21%) 
5.4410.24 
(-20.23%) 
2312 
(+90%) 
9.410.1 
(+16.05%) 
5.51+0.23 
(-19.21%) 
2511 
(+108%) 
9.610.2 
(+19.01%) 
5.3310.17 
(-21.82%) 
24+2 
(+100%) 
9.610.2 
(+19.01%) 
5.0910.32 
(+25.37%) 
2713 
(+125%) 
9.910.3 
(+22.22%) 
5.2610.41 
(-22.87%) 
LSD 
5% 
1% 
1.19 
1.73 
0.11 
0.16 
0.10 
0.15 
1.11 
1.62 
0.19 
0.27 
0.16 
0.24 
1.29 
1.87 
0.14 
0.20 
0.17 
0.25 
0.60 
0.87 
0.17 
0.25 
0.10 
0.15 
3.02 
4.39 
0.08 
0.12 
0.13 
0.19 
Mean ± SD within parenthesis per cent over the control 
growth of S. polyrrhiza increased water turbidity and pH corresponding 
to the level of fertilizer concentrations. The dissolved oxygen, however, 
decreased consistently with the concentration of fertilizers. 
The data summarised in Table 43 show the impact of varying 
concentrations of NPK in relative proportions of their consumption 
rates in varying years on the population growth of Lemna minor and 
Spirodela polyrrhiza grown together in large eartheii pots (Plates 13 and 
16). When the plants of L. minor and S. polyrrhiza were treated together, 
the population growth did not respond very fast. The population 
growth in both the duckweeds was relatively lesser when treated jointly 
as compared to the response of both the species treated separately. It is 
evident from the Table 43 and Figs. 4 and 5 that the population of S. 
polyrrhiza did not show stability in the growth after seventh day of 
response to T3 treatment. The Lemna minor, however, continued to 
multiply upto eleventh day in response to Ti, T2 and T3 of the NPK. 
The data summarised in Table 44A and 44B show the dry weight 
of Lemna minor and Spirodela polyrrhiza (mg g-i fresh weight and mg 
pot-i respectively) grown together as mixed population. The dry weight 
of L. minor and S. polyrrhiza increased with the concentration of 
nutrients used and in proportion to the consumption ratios in various 
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Table 43. Population growth of selected duckweeds treated with varying 
concentrations of NPK in proportion to their consumption ratio in 
varying years 
Year 
1 
ON 
r-t 
I—1 
1 
o 
t>. 
r-i 
1—1 
00 
1 
00 
Growth 
Stage 
(Days) 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
To 
134±4 
30±2 
162±2 
33±3 
185±4 
43±3 
208±3 
46±5 
218±5 
48±4 
134±4 
30±2 
162±2 
33±3 
185±4 
43±3 
208±3 
46±5 
218±5 
48±4 
134±4 
30±2 
162±2 
33±3 
185±4 
43±3 
208±3 
46±5 
218±5 
48±4 
Ti 
140±4 
31±3 
168±6 
35±5 
193±6 
45±3 
217±4 
49±4 
229±3 
51±3 
135±3 
33±2 
156±4 
33±3 
191±3 
44±2 
216±5 
48±4 
221±3 
49±4 
136±4 
30±2 
161±3 
38±5 
193+5 
45±4 
213±4 
47±5 
227±3 
48±5 
Treatments 
T2 
159±4 
35+4 
192±2 
42±3 
221±1 
52±5 
249±3 
57±6 
264±4 
60+4 
162±4 
33+4 
192+4 
39±3 
219±2 
51±4 
249±4 
56+2 
256±5 
58±6 
158+2 
34±4 
185±5 
34±3 
205±4 
51±3 
242±1 
55+5 
250±4 
56±4 
Ts 
144±4 
32±4 
174±2 
36±5 
198+3 
46±4 
224±5 
50±3 
235±4 
52±3 
145±5 
34±6 
169±6 
35±2 
197±5 
52±2 
220±4 
49+1 
228±6 
50±5 
147±4 
35±4 
168±4 
38±3 
198+4 
54±1 
219±5 
47±2 
232±6 
49+4 
T4 
128±3 
19±2 
155±2 
14±1 
172+2 
18±3 
()±() 
0±0 
0±0 
0±0 
127±4 
21+2 
147±5 
14±2 
17'J±3 
0±0 
0±0 
0±0 
0±0 
0±0 
120±3 
19±1 
146±4 
18±2 
169±4 
0+0 
0+0 
0+0 
0±0 
0±0 
f-> • • ("' 
bignificance 
ANOVA 
43(i) & 
43 (ii) 
ANOVA 
43(iii) & 
43 (iv) 
ANOVA 
43(v)& 
43 (vi) 
(Contd...) 
Year 
rH 
ON 
1 
O 
ON 
r-i 
r-( 
O 
1 o o o 
(N 
Growth 
Stage 
(Days) 
3 
5 
7 
9 
11 
3 
5 
7 
9 
11 
•4-* 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
To 
134±4 
30±2 
162±2 
33+3 
185±4 
43±3 
208±3 
46±5 
218±5 
48±4 
134±4 
30±2 
162±2 
33±3 
185±4 
43+3 
208±3 
46±5 
218±5 
48±4 
Ti 
142±4 
27±3 
167±2 
35±4 
200±6 
45±5 
216±5 
50±4 
235±5 
47±5 
138+2 
31±3 
168±4 
35±5 
194±5 
45±3 
218±2 
49±5 
230±4 
52±5 
T2 
163±4 
30±6 
194±3 
43±3 
221±2 
52±4 
246±5 
60±3 
247±4 
55±4 
158±5 
35±4 
193±3 
42+4 
221±4 
53±4 
251±4 
57±4 
266±6 
60±4 
T3 
145+4 
29±4 
180±3 
40±4 
210±7 
52±3 
232±3 
51±5 
240±6 
49±2 
143±6 
33±4 
174±4 
36±5 
197±6 
46±3 
224±5 
50±2 
236±4 
51±3 
T4 
121±5 
17±1 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
0±0 
127±6 
21±2 
154±3 
16±1 
0+0 
0±0 
0±0 
0+0 
0±0 
0±0 
Significance 
ANOVA 
43(vii) & 
43(viii) 
ANOVA 
43 (ix) & 
43(x) 
L = Lemna minor, S = Spirodeln polyrrhiza 
Data —> Mean ± Standard deviation 
Initial number of individuals Lemna minor = 100, Spirodeln polyrrhiza = 20 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (i 
ss 
524.88 
142020.48 
26324.88 
127402.32 
125.12 
MSS 
262.44 
35505.12 
6581.22 
7962.65 
2.61 
) 
F value 
13620.89 
2524.77 
3054.72 
LSD at 5% 
1.18 
1.18 
3.00 
LSD at 1% 
1.57 
1,57 
3.51 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (ii 
SS 
537.92 
14123.28 
2036.88 
2988.72 
106.08 
MSS 
268.96 
3530.82 
509.22 
186.80 
2.21 
) 
F value 
1597.64 
230.42 
84.52 
LSD at 5% 
1.09 
1.09 
2.00 
LSD at 1% 
1.45 
1.45 
3.23 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (ii 
SS 
662.48 
141136.32 
24875.52 
121272.48 
111.52 
MSS 
331.24 
35284.08 
6218.88 
7579.53 
2.32 
0 
F value 
15186.70 
2676.68 
3262.32 
LSD at 5% 
i.n 
i.n 
2.00 
LSD at 1% 
1.48 
1.48 
3.31 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
AN 
SS 
380.88 
16201.68 
1561.68 
3485.52 
121.12 
lOVA 43 (iv 
MSS 
190.44 
4050.42 
390.42 
217.85 
2.52 
') 
F value 
1605.19 
154.73 
86.33 
LSD at 5% 
1.16 
1.16 
3.00 
LSD at 1% 
1.54 
1.54 
3.45 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (v 
SS 
605.55 
138414.05 
25104.45 
117939.81 
109.12 
MSS 
302.77 
34603.51 
6276.11 
7371.24 
2.27 
) 
F value 
15221.49 
2760.75 
3242.48 
LSD at 5% 
1.10 
1.10 
2.00 
LSD at 1% 
1.47 
1.47 
3.28 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
llrror 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (v 
SS 
426.32 
15588.72 
1331.52 
3593.28 
127.68 
MSS 
213.16 
3897,18 
332.88 
224.58 
2.66 
0 
F value 
1465.11 
125.14 
84.43 
LSD at 5% 
1.19 
1.19 
3.00 
-
LSD at 1% 
1.59 
1.59 
3.54 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (vii) 
SS 
578.00 
368105.28 
28693.68 
71242.32 
188.00 
MSS 
289.00 
92026.32 
7173.42 
4452.65 
3.92 
F value 
23496.08 
1831.51 
1136.85 
LSD at 5% 
1.45 
1.45 
3.00 
LSD at 1% 
1.92 
1,92 
'1.30 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (viii) 
SS 
474.32 
19656.72 
2531.52 
2840.88 
147.68 
MSS 
237.16 
4914.18 
632.88 
177.56 
3.08 
F value 
1597.23 
205.70 
57.71 
LSD at 5% 
1.28 
1.28 
3.00 
LSD at 1% 
1.70 
1.70 
3.81 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
A^ 
SS 
633.68 
245154.48 
22434.48 
120427.92 
148.32 
JOVA 43 (h 
MSS 
316.84 
61288.62 
5608.62 
7526.75 
3.09 
') 
F value 
19834.37 
1815.08 
2435.82 
LSD at 5% 
1.28 
1.28 
3,00 
LSD at 1% 
1.71 
1.71 
3.82 
Source of variation 
Replication 
Treatments 
Days 
Interaction 
Error 
Total 
df 
2 
4 
4 
16 
48 
74 
ANOVA 43 (x 
SS 
480.51 
16603.41 
1605.41 
3553.25 
120.16 
MSS 
240.25 
4150.85 
401.35 
222.08 
2.50 
) 
F value 
1658.12 
160.33 
88.71 
LSD at 5% 
1.16 
1.16 
3.00 
LSD at 1% 
1.54 
1.54 
3.44 
Plate 13 shows the abundance of mixed population of Lemna minor and 
Spirodela polyrrhiza in large earthen pots containing 15 litres of varying 
concentrations of NPK proportionate to the amount consumed in the 
year 1961-62 (To to T4). To consists of tap water without nutrient. 
Plate-13 
Plate 14 shows the abundance of population of Lemna minor in large earthen 
pots containing 15 litres of varying concentrations of NPK 
proportionate to the amount consumed in the year 2000-01 (To to T4). To 
consists of tap water without nutrient. 
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Plate 15 shows the abundance of population of Spirodeln polyrrhizn in large 
earthen pots containing 15 litres of varying concentrations of NPK 
proportionate to the amount consumed in the year 2000-01 (To to T4). To 
consists of tap water without nutrient. 
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T3 
Plate-15 
Plate 16 shows the abundance of mixed population of Lemnn minor and 
Spirodela polyrrhiza in large earthen pots containing 15 litres of varying 
concentrations of NPK proportionate to the amount consumed in the 
year 2000-01 (To to T4). To consists of tap water without nutrient. 
I r-
Plate-16 
Fig. 4. Per cent variation in the population of Lemna minor and Spirodeln 
polyrrhiza over the control treated with varying concentrations of NPK 
proportionate to the amount utilized in varying years as mentioned in 
parts A, B and C of Fig. 4. 
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Figure 4 
Fig. 5. Per cent variation in the population of Lemna minor and Spirodeln 
polyrrhiza over the control treated with varying concentrations of NPK 
. proportionate to the amount utilized in varying years as mentioned in 
parts A and B of Fig. 5. 
250 
Figure 5 
years. The maximum increase in dry weight was recorded in response 
to T2. The increase in dry weight, however, was relatively Jesser in both 
the species whisn grown together as compared to the increase in their 
dry weiglits when treated separately with similar concentrations of 
nutrients (Tabls 32A, 38A, 44A). Maximum difference in dry weight 
accumulation \ '^'as recorded in case of L minor when treated singly and 
in combination with S. polyrrhiza (Table 32B, 44B). The dry weight 
accumulation in both the duckweeds was maximum in the years 1990-
91 and 2000-01 (Table 44A). 
The data summarised in Table 45 show the NPK uptake in Lemnn 
minor and Spirodela polyrrhiza treated together with varying 
concentrations of NPK (urea, SSP and potash combined in proportion to 
their consumption rates in varying years). The treatment with NPK 
resulted into higher uptake of nitrogen, phosphorus and potash in both 
the selected species. Additional nutrients increased the uptake 
proportion of nitrogen and potash against each unit uptake of 
phosphorus (rario of NPK uptake) as compared to uptake in control 
fronds (Table 4J3). The highest uptake of NPK was noted in both the 
duckweeds treai:ed with 0.001% (T2) of NPK. 
The Tabk' 46 shows the data on chlorophyll content in Lenma 
139 
Table 44A. Dry v\'eight (mg g-^  fresh weight) of selected duckweeds treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
VD 
1 
r-i \D 
ON 
1 
O !>. 
ON 
r-l 00 
1 O 00 0^ 
t - l 
ON 
O 
ON 
ON 
T—i 
O 
1 O 
o 
o 
r—1 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
To 
117.70±0.55 
127.32±1.84 
117.70±0.55 
127.32±1.84 
'117.70±0.55 
127.32+1.84 
117.70±0.55 
127.32+1.84 
117.70±0.55 
12V.32±1.84 
T, 
117.68+0.58 
(-0.02%) 
122.54±2.39 
(-3.75%) 
118.63±0.;59 
(+0.80%) 
126.23±1.73 
(-0.86%) 
119.97±0.62 
(+1.87%) 
128.44±2.79 
(+0.88%) 
120.57±0.65 
(+2.44%) 
130.50±1.68 
(+2.50%) 
121.60±0.80 
(+3.32%) 
133.73±3.19 
(+5.04%) 
T2 
123.45±1.58 
(+4.89%) 
128.51±3.89 
(+0.94%) 
124.51±1.88 
(+5.79%) 
130.81±5.02 
(+2.75%) 
125.57±1.78 
(+6.69%) 
133.37±4.19 
(+4.76%) 
127.69±1.9 
(+8.49%) 
136.6814.15 
(+7.36%) 
128.77±2.25 
(+9.41%) 
139.41±3.81 
(+9.50%) 
T3 
119.08±0.66 
(+1.18%) 
125.08+2.93 
(-1.76%) 
122.6411.28 
(+4.20%) 
131.19+3.91 
(+3.04%) 
122.5111.57 
(+4.09%) 
130.50+2.80 
(+2.51%) 
123.2710.44 
(+4.69%) 
134.4113.85 
(+5.57%) 
123.5911.25 
(+5.01%) 
135.2213.80 
(+6.21%) 
T4 
010 
(-100%) 
010 
(-100%) 
010 
(-100%) 
010 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
0+0 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
LSD 
5% 
1% 
1.07 
1.56 
2.73 
3.97 
1.37 
1.99 
3.72 
5.42 
1.41 
2.05 
2.91 
4.23 
1.33 
1.94 
3.22 
4.69 
1.59 
2.32 
3.05 
4.44 
L = Lemna minor, S = Spirodela polyrrhizn 
Mean + SD within parenthesis per cent over the control 
Table 44B. Projected values of total dry weight (mg) of selected duckweeds in 
each pDt treated with varying concentrations of NPK in proportion to 
their consumption ratio in varying years 
Year 
CN 
1 
r H 
T-l 
T-H 
1 
O 
IN 
r- i 
OO 
1 
O 
0 0 
C3N 
1—1 
ON 
1 
o 
ON 
ON 
r-i 
r-H 
o 
1 
o 
o 
• 4 - 1 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
T„ 
288.31±3.11 
254.65±2.52 
288.31±3.11 
25^:.65±2.52 
288.31±3.11 
254.65±2.52 
288.31±3.11 
254.65±2.52 
288.31 ±3.11 
254.65±2.52 
Ti 
313.36±1.87 
(+8.69%) 
271.72±3.77 
(+6.71%) 
304.86±2.36 
(+5.75%) 
268.92±3.18 
(+5.61%) 
316.68±2.33 
(+9.85%) 
268.06±3.20 
(+5.27%) 
329.48+2.93 
(+14.28%) 
266.67±5.32 
(+4.73%) 
325.21 ±2.10 
(+12.80%) 
302.34±2.59 
(+18.73%) 
T2 
387.98±3.30 
(+34.58%) 
335.24±3.09 
(+31.65%) 
379.45±3.65 
(+31.62%) 
329.86±3.23 
(+29.54%) 
373.7113.96 
(+29.63%) 
324.74±3.47 
(+27.53%) 
375.49±3.64 
(+30.24%) 
326.84±3.22 
(+28.35%) 
407.77±3.12 
(+41.44%) 
363.69±3.33 
(+42.82%) 
T3 
325.39±3.65 
(+12.87%) 
282.78±4.33 
(+11.05%) 
325.14±3.97 
(+12.78%) 
285.21±3.62 
(+12.01%) 
330.50±3.35 
(+14.64%) 
278.03±3.65 
(+9.19%) 
344.02±3.23 
(+19.33%) 
286.35±3.69 
(+12.45%) 
339.15±2.64 
(+J7.64%) 
299.84±4.13 
(+17.75%) 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
n±o 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
2.81 
4.09 
3.16 
4.59 
2.98 
4.34 
2.74 
3.99 
2.90 
4.22 
2.82 
4.10 
2.76 
4.01 
3.66 
5.32 
2.44 
3,55 
2.91 
4.24 
L = Lemna minor, S = Spirodeln polyrrhiza 
Mean ± SD within parenthesis per cent over the control 
Table 45. N P E : content 
concentrations of 
(mg poH) in duckweeds treated with varying 
NPK in proportion to their consumption ratio in 
Year 
1 
rH 
ON 
1 
O 
IN 
ON 
t-H 
rH 
00 
1 
o 00 
ON 
I-H 
N 
P 
K 
o 
N 
P 
K 
o 
N 
P 
K 
0 
•D 
• 4 - 1 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
JLji . 
Treatments 
To 
7.39±0.09 
7.37±0.10 
1.02±0.07 
0.76±0.09 
6.47±0.21 
4.61±0.14 
7:1:6 
10:1:6 
7.39±0.09 
7.37±0.10 
1.02±0.07 
0.76±0.09 
6.47±0.21 
4.61±0.14 
7:1:6 
10:1:6 
7.39±0.09 
7.37±0.10 
1.02±0.07 
0.76±0.09 
6.47±0.21 
4.61±0.14 
7:1:6 
10:1:6 
Ti 
8.33±0.06 
(+12.72%) 
8.04±0.14 
(+9.10%) 
0.94±0.05 
(-7.84%) 
0.83±0.10 
(+9.22%) 
4.76±0.09 
(-26.43%) 
4.89±0.18 
(+6.08%) 
9:1:5 
10:1:6 
8.02±0.08 
(+8.53%) 
7.46±0.12 
(+1.23%0 
1.07±0.05 
(+4.91%) 
0.89±0.09 
(+17.11%) 
5.64±0.07 
(-12.83%) 
5.35±0.12 
(+16.06%) 
7:1:6 
8:1:6 
7.87±0.22 
(+6.50%) 
7.19±0.12 
(-2.44%) 
1.09±0.07 
(+6.87%) 
0.86±0.05 
(+13.16%) 
6.97±0.09 
(+7.73%) 
5.57±0.15 
(+20.83%) 
7:1:6 
8:1:6 
T2 
12.80±0.11 
(+73.21%) 
12.26±0.15 
(+66.36%) 
1.33±0.07 
(+30.40%) 
1.16±0.07 
(+52.64%) 
7.14±0.09 
(+10.36%) 
8.41±0.22 
(+82.43%) 
10:1:5 
11:1:7 
12.66±0.08 
(+71.32%) 
12.34±0.08 
(+67.44%) 
1.38±0.08 
(+35.30%) 
1.16±0.07 
(+52.64%) 
9.13±0.12 
(+41.12%) 
7.59±0.18 
(+64.65%) 
9:1:7 
11:1:7 
13.43±0.15 
(+81.74%) 
12.61±0.09 
(+71.10%) 
1.42±0.06 
(+39.22%) 
1.19±0.09 
(+56.58%) 
9.65±0.28 
(+49.15%) 
7.61±0.14 
(+65.08%) 
9:1:7 
11:1:6 
Ta 
10.04±0.12 
(+35.86%) 
9.68±0.22 
(+31.35%) 
1.07±0.05 
(+4.91%) 
0.94±0.03 
(+23.69%) 
5.69±0.30 
(-12.06%) 
5.89±0.16 
(+27.77%) 
9:1:5 
10:1:6 
11.08±0.06 
(+49.94%) 
8.78±0.15 
(+19.14%) 
1.12±0.04 
(+9.81%) 
0.94±0.05 
(+23.69%) 
6.47±0.11 
(+0%) 
5.99±0.28 
(+29.94%) 
10:1:6 
9:1:6 
12.02±0.13 
(+62.66%) 
9.79±0.16 
(+32.84%) 
1.18±0.06 
(+15.69%) 
0.95±0.03 
(+25%) 
8.34±0.15 
(+28.91%) 
5.92±0.18 
(+28.42%) 
10:1:7 
10:1:6 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
()±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
0.085 
0.125 
0.150 
0.210 
0.047 
0.068 
0.071 
0.104 
0.220 
0.320 
0.160 
0.230 
0.065 
0.095 
o.rio 
0.150 
0.051 
0.074 
0.067 
0.098 
0.150 
0.210 
0.1 KO 
0.270 
0.149 
0.216 
o.no 
0.160 
0.047 
0.069 
0.064 
0.094 
0.200 
0.300 
0.130 
0.180 
(Contd...) 
Year 
1 
o 
O N 
O N 
I—1 
o 
1 
o 
o 
o 
N 
P 
K 
o 
N 
P 
K 
o 
•XI 
n3 
C 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
T(, 
7.39±0.09 
7.37±0.10 
1.02±0.07 
D.76±0.09 
6.47±0.21 
4.61±0.14 
7:1:6 
10:1:6 
7.39±0.09 
7.37±0.10 
1.0210.07 
0.76±0.09 
6.4710.21 
4.6110.14 
7:1:6 
10:1:6 
T, 
7.4810.13 
(+1.22%) 
7.1710.06 
(+2.71%) 
1.2410.06 
(+21.57%) 
0.8910.42 
(+17.11%) 
7.4010.14 
(+14.38%) 
5.3910.18 
(+16.92%) 
6:1:6 
8:1:6 
8.0710.07 
(+9.21%) 
7.9310.14 
(+7.60%) 
1.2510.05 
(+22.55%) 
1.0210.13 
(+34.22%) 
8.0910.19 
(+25.04%) 
6.5810.15 
(+42.74%) 
6:1:6' 
8:1:6 
T2 
12.4810.12 
(+68.88%) 
12.1310.13 
(+64.59%) 
1.5110.08 
(+48.04%) 
1.1810.12 
(+55.27%) 
9.9010.73 
(+58.27%) 
7.8810.20 
(+70.94%) 
8:1:7 
10:1:7 
12.2610.07 
(+65.90%) 
12.39l0.19 
(+68.12%) 
1.7310.05 
(+69.61%) 
1.3710.20 
(+80.27%) 
Il.59l0.18 
(+79.14%) 
9.3910.22 
(+103.69%) 
7:1:7 
9:1:7 
T3 
13.00l0.99 
(+75.92%) 
9.8410.13 
(+33.52%) 
1.3210.07 
(+29.42%) 
0.9410.05 
(+23.69%) 
8.8110.08 
(+36.17%) 
6.2610.13 
(+35.80%) 
9:1:7 
10:1:7 
13.1410.10 
(+77.81%) 
ll.42lO.ll 
(+54.82%) 
1.3610.06 
(+33.34%) 
1.0610.15 
(+39.48%) 
8.9510.29 
(+38.34%) 
7.0910.23 
(+53.80%) 
10:1:7 
11:1:7 
T,, 
010 
(-100%) 
010 
(-100%) 
0±0 
(-100%) 
OlO 
(-100%) 
OiO 
(-100%) 
OlO 
(-100%) 
OiO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
LSD 
5% 
1% 
0.765 
1.113 
0.100 
0.140 
0.052 
0,076 
0.397 
0.578 
0.550 
0.800 
0.140 
0.210 
0.067 
0.097 
0.120 
0.180 
0.044 
0.064 
0.135 
0.197 
0.190 
0.280 
0.170 
0.250 
L = Lemna minor, 13 = Spirodela polyrrhiza 
Mean ± SD within parenthesis per cent over the control 
minor and Spirodela polyrrhiza treated together with varying 
concentrations of urea, SSP and potash as per their consumption ratios 
in varying years. The chlorophyll content increased in both the 
duckweeds oii treatment with NPK. Maximum chlorophyll increase 
was noted ori treatment with 0.001% (T2) of NPK. Relatively higher 
chlorophyll content was recorded in both the plants treated with NPK 
in proportions to their consumption rates of the years 1970-71,1980-81, 
1990-91, 2000-01 as compared to the year 1961-62. The duckweeds when 
treated jointly did not show any significant change in chlorophyll 
content as compared to their response when treated singly. 
The data compiled in Table 47 show NPK content in water after 
the treatment of both the duckweeds together. A cursory glance on the 
data shows tiiat high quantities of NPK accumulated into the water 
after the trealment of the duckweeds. The accumulating quantities of 
NPK in water were higher in the years 1970-71 to 2000-01. 
The data summarized in Table 48 show the turbidity, pH and 
dissolved ox)gen in water after the treatment of selected duckweeds. 
The turbidity and pH were noted to be higher in varying concentrations 
showing an increasing trend with concentration. On the contrary, the 
dissolved oxygen reduced consistently with the concentration of NPK. 
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Table 46. Chlorcphyll content (mg g-^  fresh weight) in duckweeds treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
1 
I—1 
0^ 
r-l 
r-i 
1 O 
t>, 
ON 
00 
1 
o 
oo 
u 
-a 
u 
u 
o 
H 
u 
2 
U 
2 
u 
o 
2 
U 
2 
U 
6 
0 
H 
c 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
To 
0.389±0.028 
0.413±0.012 
0.295±0.017 
0.314±0.018 
0.863±0.022 
0.922±0.022 
0.389±0.028 
0.413±0.012 
0.295±0.017 
0.314±0.018 
0.863±0.022 
0.922±0.022 
0.389±0.028 
0.413±0.012 
0,295±0.017 
0.314±0.018 
0.863±0.022 
0.922±0.022 
Ti 
0.418±0.012 
(+7.70%) 
0.444±0.021 
(+7.51%) 
0.315±0.012 
(+6.78%) 
0.338±0.019 
(+7.65%) 
0.971±0.016 
(+12.52%) 
0.992±0.029 
(+7.60%) 
0.572±0.130 
(+47.73%) 
0.599±0.018 
(+45.04%) 
0.333±0.015 
(+12.89%) 
0.344±0.023 
(+9.56%) 
0.999±0.012 
(+15.76%) 
0.998±0.031 
(+8.25%) 
0.552±0.013 
(+43.59%) 
0.583±0.016 
(+41.17%) 
0.351±0.019 
(+18.99%) 
0.35710.016 
(+13.70%) 
0.993±0.012 
(+15.07%) 
0.979±0.027 
(+6.19%) 
T2 
0.475±0.014 
(+23.08%) 
0.505±0.012 
(+22.28%) 
0.358±0.013 
(+21.36%) 
0.385±0.024 
(+22.62%) 
1.104±0.021 
(+27.93%) 
1.128±0.024 
(+22.35%) 
0.621±0.016 
(+61.54%) 
0.639±0.018 
(+54.73%) 
0.367±0.016 
(+24.41%) 
0.395±0.024 
(+25.80%) 
1.098±0.016 
(+27.24%) 
1.129±0.026 
(+22.46%) 
0.602±0.015 
(+56.42%) 
0.644±0.018 
(+55.94%) 
0.388±0.024 
(+15.26%) 
0.429±0.018 
(+36.63%) 
1.120±0.0n 
(+29,78%) 
1.134±0.016 
(+23%) 
T3 
0.420±0.016 
(+7.92%) 
0.447±0.026 
(+8.24%) 
0.317±0.011 
(+7.46%) 
0.340±0.013 
(+8.29%) 
0.976±0.013 
(+13.10%) 
0.998±0.034 
(+8.25%) 
0.58010.018 
(+48.72%) 
0.60210.014 
(+45.77%) 
0.32910.016 
(+11.53%) 
0.356+0.017 
(+13.38%) 
0.97910.014 
(+13.45%) 
1.02110.013 
(+10.74%) 
0.55210.014 
(+43.59%) 
0.59010.016 
(+42.86%) 
0.34010.012 
(+15.26%) 
0.37310.023 
(+18.79%) 
0.98010.017 
(+13.56%) 
1.028i0.021 
(+11.50%) 
T4 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
010 
(-100%) 
OlO 
(-100%) 
OlO 
(-100%) 
LSD 
5% 
1% 
0.019 
0.027 
0.018 
0.027 
0.011 
0.016 
0.017 
0.024 
0.016 
0.023 
0.024 
0.035 
0.019 
0.028 
0.014 
0.020 
0.013 
0.019 
0.018 
0.026 
0.015 
0,021 
0,023 
0.033 
0.019 
0.027 
0.013 
0.019 
0,017 
0,024 
0,016 
0,023 
0,015 
0,022 
0.019 
0.028 
(Contd...) 
Year 
T - l 
1 
o 
r-i 
O 
1 o o o 
<3 
u 
.a 
u 
2 
u 
o 
H 
2 
u 
J i 
2 
u 
2 
U 
3 
o 
1 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
L 
S 
Treatments 
To 
0389±0.028 
0 413±0.012 
0 295±0.017 
0 314±0.018 
0 863±0.022 
0.92210.022 
0,389±0.028 
0.413±0.012 
0.295±0.017 
0.314±0.018 
0.863±0.022 
0.922±0.022 
Ti 
0.563±0.017 
(+46.16%) 
0.574:b0.014 
(+38.99%) 
0.360+0.017 
(+22.04%) 
0.383±0.022 
(+21.98%) 
0.981±0.014 
(+13.68%) 
0.995±0.016 
(+7.92%) 
0.495±0.014 
(+28.21%) 
0.567±0.009 
(+37.29%) 
0.375±0.021 
(+27.12%) 
0.398±0.026 
(+26.76%) 
0.973±0.012 
(+12.75%) 
0.984±0.017 
(+6.73%) 
T2 
0.610±0.016 
(+56.42%) 
0.651±0.014 
(+57.63%) 
0.402±0.015 
(+36.28%) 
0.432±0.014 
(+37.58%) 
1.114±0.012 
(+29.09%) 
1.121±0.016 
(+21.59%) 
0.574±0.015 
(+48.72%) 
0.623±0.012 
(+50.85%) 
0.432±0.015 
(+46.45%) 
0.455±0.024 
(+44.91%) 
1.107±0.024 
(+28.28%) 
1.147±0.024 
(+24.41%) 
T3 
0.549±0.019 
(+41.03%) 
0.577±0.018 
(+39.71%) 
0.359±0.026 
(+21.70%) 
0.388±0.023 
(+23.57%) 
0.980±0.014 
(+13.56%) 
1.066±0.028 
(+15.62%) 
0.50610.019 
(+30.77%) 
0.579±0.G17 
(+40.20%) 
0.382±0.013 
(+29.50%) 
0.405±0.018 
(+28.99%) 
0.993±0.009 
(+15.07%) 
1.086±0.022 
(+17.79%) 
T4 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
0±0 
(-100%) 
LSD 
5% 
1% 
0.019 
0.028 
0.012 
0.018 
0.017 
0.025 
0.017 
0.025 
0.014 
0.021 
0.019 
0.028 
0.019 
0.028 
0.011 
0.016 
0.014 
0.021 
0.019 
0.028 
0.018 
0.026 
0.018 
0.026 
L = Lemna minor, S = Spirodela pohjrrhiza 
Mean ± SD within parenthesis per cent over the control 
Table 47. NPK content (mg pot-^ ) in water as observed in each pot on 
termination of experiment with selected duckweeds treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in varying years 
Year 
i 
\£) 
ON 
IX 
1 
ON 
r-i 
r-i 
00 
1 O 
CO 
O N 
I—1 
O N 
1 
O 
O N 
ON 
I—1 
r-H 
O 
1 
O 
o 
o 
CM 
Treatments 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
N 
P 
K 
To 
6,0±0.4 
5.40±0.07 
145.5±0.4 
6 0±0.4 
5.40±0.07 
145.5±0.4 
6,0±0.4 
5.40±0.07 
145.5+0.4 
6.0±0.4 
5.40±0.07 
145.5+0.4 
6.0±0.4 
5.40+0.07 
145.5±0.4 
Ti 
8.4±0.3 
(+40%) 
5.75±0.03 
(+6.49%) 
145.5±0.5 
(+0%) 
10.2±0.6 
(+69.5%) 
5.50±0.04 
(+1.86%) 
145.5±0.5 
(+0%) 
10.4±0.5 
(+73.34%) 
5.68±0.05 
(+5.19%) 
142.5±0.9 
(-2.08%) 
10.2±0.6 
(+69.5%) 
5.55±0.09 
(+2.78%) 
144.1±0.6 
(-0.98%) 
8.9±0.7 
(+48.34%) 
5.45±0.04 
(+93%) 
143.0±0.8 
(-1.74%) 
T2 
36.2±0.8 
(+502.84%) 
10.65±0.04 
(+97,23%) 
150.0±2.1 
(+3.08%) 
41.1 ±0.3 
(+585%) 
10.08±0.06 
(+86.67%) 
148.5+2.7 
(+2.03%) 
40.7±0.8 
(+577.84%) 
9.05+0.08 
(+67.60%) 
150.5±1.7 
(+3.4%) 
40.2±0.6 
(+570.67%) 
9.90±0.08 
(+83.34%) 
150.0+1.6 
(+3.06%) 
42.6±0.4 
(+610%) 
9.85±0.1 
(+82.41%) 
146.0±1.7 
(+0.31%) 
T3 
452.4±3.3 
(+7439.5%) 
47.50±2.16 
(+779.63%) 
240.0±3.7 
(+64.88%) 
424.914.2 
(+6981.17%) 
57.90±5.02 
(+972.04%) 
252.5+2.5 
(+76.55%) 
413.612.9 
(+6792.84%) 
54.4+3.22 
(+907.41%) 
267.014.2 
(+83.51%) 
400.412.7 
(+6572.84%) 
63.8514.12 
(+1082.23%) 
265.215.9 
(+3.06%) 
421.912.3 
(+6931.17%) 
64.3012.56 
(+1090.75%) 
249.514.6 
(+71.44%) 
T4 
5028.613.8 
(+83709.5%) 
442.0014.84 
(+80.85%) 
1158.016.2 
(+695.84%) 
4635.114.6 
(+77151.17%) 
548.914.74 
(+10064.63%) 
1243.516.3 
(+754.57%) 
4603.114.8 
(+76617.83%) 
507.315.31 
(+9293.33%) 
1452.113.8 
(+897.99%) 
4396.414.5 
(+73172.83%) 
615.7515.86 
(+11302%) 
1416.014.6 
(+873.15%) 
4502.414.6 
(+74939.5%) 
609.9017.16 
(+11193.95%) 
1270.5+5.6 
(+773.18%) 
LSD 
5% 
1% 
3.14 
4.58 
3.98 
5.79 
4.57 
6.66 
4.07 
5.92 
4.98 
7.24 
9.70 
14.11 
3.59 
5.22 
4.54 
6.61 
3.22 
4.69 
3.35 
4.88 
5.19 
7.55 
4.74 
6.89 
3.37 
4.90 
5.81 
8.45 
4.39 
6.39 
Mean ± SD within parenthesis per cent over the control 
Table 48. Water quality analysis (Turbidity, pH and DO) as observed in each pot 
on termination of experiment with selected duckweeds treated with 
varying concentrations of NPK in proportion to their consumption 
ratio in v arying years 
Year 
(N 
1 
rH 
o 
r-i 
00 
1 
o 
00 
T-H 
ON 
1 
o 
ON 
ON 
rH 
O 
1 
o 
o 
o 
Meand 
Tbd 
(NTU) 
pH 
DO 
(mgL-^) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
Tbd 
(NTU) 
pH 
DO 
(mgL-i) 
: S D wi 
To 
•14±2 
81±0.1 
7.01±0.03 
14±2 
8.1±0.1 
7.()1±0.03 
14+2 
8.1±0.1 
7.01±0.03 
14±2 
r..i±o.i 
7.0H0.03 
14±2 
8.1±0.1 
7.01±0.03 
thin parent!-
Treatments 
Ti 
17±1 
(+21.43%) 
8.4±0.1 
(+3.71%) 
6.80±0.04 
(-2.99%) 
18±2 
(+26.22%) 
8.3+0.2 
(+2.47%) 
6.74±0.04 
(-3.85%) 
18±1 
(+28.58%) 
8.3±0.2 
(+2.47%) 
6.58±0.04 
(-6.13%) 
19±2 
(+35.72%) 
8.5±0.1 
(+4.94%) 
6.49±0.04 
(-7.42%) 
18±2 
(+28.58%) 
8.4±0.2 
(+3.71%) 
6.45±0.01 
(-7.99%) 
lesis per cen 
Tz 
19±3 
(+33.36%) 
8.7±0.2 
(+7.04%) 
5.78±0.04 
(-17.55%) 
20±1 
(+42.86%) 
8.5±0.1 
(+4.94%) 
5.64±0.02 
(-19.54%) 
21±2 
(+50%) 
8.7±0.2 
(+7.04%) 
5.44±0.03 
(-22.40%) 
22+1 
(+57.15%) 
8.7±0.2 
(+7.04%) 
5.38±0.03 
(-23.25%) 
21±1 
(+50%) 
8.5±0.1 
(+4.94%) 
5.35±0.03 
(-23.67%) 
t over the C( 
T3 
23±2 
(+64.29%) 
9.2±0.1 
(+13.59%) 
5.57±0.02 
(-20.54%) 
24+2 
(+69.08%) 
9.1±0.2 
(+12.35%) 
5.61±0.04 
(-19.97%) 
25±1 
(+78.58%) 
9.1±0.1 
(+12.35%) 
5.37±0.02 
(-23.40%) 
27±2 
(+90.50%) 
9.1±0.1 
(+12.35%) 
4.95±0.03 
(-29.39%) 
26+1 
(+85.72%) 
9.0±0.2 
(+11.12%) 
4.76±0.04 
(-32.10%) 
DRtrol 
T4 
27±3 
(+90.50%) 
9.6±0.2 
(+18.15%) 
5.34±0.04 
(-23.82%) 
28±3 
(+100%) 
9.5±0.1 
(+17.28%) 
5.22±0,02 
(-25.53%) 
26±3 
(+83.36%) 
9.5±0,2 
(+17.28%) 
5.10±0.02 
(-27.25%) 
29±1 
(+107.14%) 
9.4+0.2 
(+16.05%) 
4.88±0.03 
(-30.39%) 
30±2 
(+111.93%) 
9.3±0.2 
(+14.81%) 
4.37±0.02 
(-37.66%) 
LSD 
5% 
1% 
1.190 
1.730 
0.060 
0.087 
0.016 
0.023 
1.460 
2.120 
0.103 
0,150 
0.017 
0.025 
1.290 
1.870 
0.097 
0.141 
0.015 
0.021 
0.970 
1.410 
0.088 
0.128 
0.011 
0.016 
0.970 
1.410 
0.103 
0.150 
0.010 
0.015 
Discussion 
DISCUSSION 
As evident from the qualitative field observations of the selected 
"Lai Diggi Pond", the size and volume of main waterbody reduced 
substantially in the months of April and May 2003. The water appeared 
to be dirty. The margins had moist and marshy areas with high density 
of 'I'lfplin aiigiistntn and Pnspnluiu pnspnloides (Field observations April 
and May 2003). As evident from the Table 2, the rainfall in these two 
months was \'ery low and average atmospheric temperature was very 
high. The turbidity and pi I were also relatively high in these two 
summer mon;hs (Table 2). The duckweeds in these two months (April 
and May 2003) did not survive (Field observations, April 2003). It is 
likely that reduced depth and reduced total volume of the waterbody 
resulted into increased concentrations of nutrients. The high nutrient, 
turbidity anci temperature were feasibly far above the optimum 
requirement of the duckweeds. The findings of the present study also 
revealed thai high concentration of the NPK have reduced the 
population growth of the selected duckweeds (Tables 9, 16, 31, 37, 43). 
The natality, iiortality, density, growth patterns, life forms, longevity 
and age structures are the important characteristics of the population. 
The nutrient availability may directly affect any or most of these 
characteristics (Kormondy, 2003). The optimum concentration of the 
NPK usually influence natality, mortality, density and growth of plants. 
The concenh'ation of nutrients below or beyond the ecological 
amplitude may have influenced most or all these characteristics 
adversely. It is already evident from the experiments (Tables 9,16, 23A, 
23B, 30A, 30B, 31, 42 and Plates 11 to 16) that higher nutrient 
concentration induced early mortality and relatively lower 
concentrations of NPK increased natality and hence density. Morishita 
et al. (2001) noted that high irradiance and water temperature in the 
months of summer hampered the growth and biomass of 
phytoplankton in Dokai Bay of Japan. In Tokyo Bay (Japan), an 
oscillatory high and low particulate phosphorus and orthophosphate 
was recorded. The wind speed and sediments in summer season played 
important role in mixing of upper and lower layers which in turn 
altered the water quality parameters (Miyata and Hattori, 1986). 
Alteration ir. the water quality and related seasonal variability of 
phytoplankton and zooplankton have been noted in fresh and marine 
water ecosysi:ems from various parts of Asia (Emir and Demirsoy, 1996; 
Sachoemer c.nd Yanagi, 1999; An et al, 2003 and Shin, 2003). In 
degraded reef, the hydrological conditions in hot seasons caused 
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eutrophication and reduced floral vitality (Nairn, 1993). The nutrient 
fluctuation is reported to have been governed by algae, rainfall and 
winds in Messolonghi Lagoon of Greece (Friligos, 1989). All these 
factors are rej^orted to have altered temperature, salinity, DO, nutrient 
and chlorophyll-fl in the lagoon (Friligos, 1989). In the month of June 
2003, the size and depth of "Lai Diggi Pond" decreased considerably. 
None of the duckweeds was recorded. The water hyacinth (largest 
among the flciating macrophytes) was also not seen. It appears that high 
temperature in the month of June directly affected the growth of 
duckweeds. The increased nutrient concentrations; might have also been 
too high for the small floating duckweeds. The Typha angustata was 
harvested and reduced the nutrient content bound in organic form. 
Consistent removal of aquatic plants from springfed stream in 
Hiroshima (Japan) receiving sewage input pave the way for seasonal 
peaks in population of microzooplanktons in early summer (Nomura et 
al., 1992). In contrary higher algal productivity was recorded in two 
bays of Kasumigaura Lake (Japan) with higher concentration of 
particulate inatter (Ebise, 1988). In River Danube (Austria), the 
successive sludies revealed that the phytoplankton dominant turbid 
water succe(?ded from macrophyte dominated clear water between 
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1992-1994 (Kirschner et al, 1999). High turbidity in the selected "Lai 
Diggi Pond" may have beeii a long-term effect of successional change in 
addition to consistent nutrient input. In the months of July and August 
2003/ the size of selected rainfed waterbody swelled due to 
precipitation. The density of selected duckweeds increased from the 
month of July till August. In the month of September, the density of 
selected duckweeds decreased marginally. There was adequate rainfall 
in September 2003. Seasonal monsoon rain has been reported to modify 
chemical and biological characteristics of an artificial lentic ecosystem. 
Monsoon seasonality regulated functions and processes of waterbody 
and eutrophjcation (Anef a/., 2003). The pH, turbidity and biological 
characteristics in the present study also changed in the month of 
September ^vith consistent rainfall. In France, the hydrological 
conditions ir,. odd seasons modified floral vitality (Naim, 1993). The 
precipitation in the form of snow during December and March and 
anthropogenically increased water level in some lakes of Poland had 
direct impact on water qualities (Gorniak and Piekarski, 2002). The 
upwelling, downwelling and runoff events led to the variation in 
salinity. The seasonal change in nutrient concentration in Rio de Vigo 
Estuary of Spain was reported (Nogueira et al, 1997). In the present 
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study, the variation in water level caused variation in nutrient 
concentration, pH and turbidity which in turn affected the growth and 
density of sehcted duckweeds. The rainwater, biological activities and 
nutrient inputs have been found directly related with algal bloom in a 
rock pool ecosystem of Sweden (Wulff, 1980). In the months of October, 
November and December, the atmospheric temperature consistently 
decreased. The size of waterbody, however, showed only marginal 
reduction in these months. Some small patches of Wolffia arrhiza (noted 
first in the month of October 2003) continued to occur in the months of 
November and December. The patches of Wolffin arrhizn were noted on 
shallow margins of the pond. It appears that VV. nrrhizn might have 
come to the v/aterbody accidentally through the predatory birds as the 
W. arrhiza was never noted to occur in any other month after December. 
The population of diatoms noted in November and blooming of Typha 
angustata in December. The duckweeds which appeared in November 
died by the month of December. The slight reduction in the size of 
waterbody led to the increase in nutiient concentration which in turn 
promoted the; growth of aquatic plants including duckweeds, diatoms 
and rooted emergent plants. The death and decay of diatoms in the 
month of December increased the turbidity of water. The seasonal 
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variation in the dominance of diatoms and algae in eutrophic shallow 
lake with flitctuations in thermal regimes resulted into seasonal 
variation (Temponeras et al, 2000). The water depth, temperature and 
nutrients have been found to influence growth and abundance of 
aquatic plants by a number of workers (Wulff, 1980; Friligos, 1989; 
Tailing, 1992; Naim, 1993; Havens et al., 1999; Gorniak and Piekarski, 
2002 and Artioli et al., 2005). Consistent rapid reduction in size and 
depth of selected pond was recorded in the month of January 2004 till 
April 2004 which finally dried. Despite sufficient precipitation in the 
month of January, the waterbody could not be charged with rainwater 
from its catchiTients due to anthropogenic reasons and therefore the size 
of this rainfec^ waterbody continued to decrease with consistent rise in 
temperature from January to April 2004. The wind speed also increased 
consistently i'rom January to April 2004. The density of selected 
duckweeds increased upto the months of January and February and 
maintained adequate density in the month of March. The duckweeds 
finally disappeared in the month of April. The size and depth of 
waterbody decreased to an unexpected small size which finally dried in 
May 2004. Consistent reduction in the size of waterbody, increase in 
temperature, wind speed, irradiance and nonrecharging of waterbody 
146 
resulted into high turbidity, pH, nutrient and water temperature to the 
extent nonconducive for the growth of duckweeds in these months. Past 
studies have revealed that bio-physico-chemical factors of seasonal 
dynamics influenced the flora of waterbody (Wulff, 1980; Friliogs, 1989; 
Ibelings et al, 1989; Christensen et al, 1990; Tailing, 1992; Koening et al, 
1995; Nogueira et al, 1997; Havens et al., 1999; Kirschner et at., 1999; 
Weilguni and Humpesch, 1999; Temponeras et al, 2000; Dodds-Walter 
et al, 2002 and Artioli et al, 2005). 
The data summarized in Table 1 show the density, fresh dry 
weight and Net Primary Productivity (NPP) of the two selected 
duckweeds r.amely Lemna minor and Spirodela pohjrrhiza. High 
numerical density of the two duckweeds was recorded in the months of 
August, Nov(?mber, February and March. The plant body of S. 
pohjrrhiza is 2-3 times larger than L. minor. Despite approximately V4 to 
1/3 numerical density, the fresh and dry weight of S. pohjrrhiza happened 
to be in close range with the fresh and dry weight of L. minor. The 
higher biomass of S. pohjrrhiza was recorded in the months of August 
and February as compared to the dry weight of L. minor in these 
months. The minor variation in fresh and dry weight were due to 
difference in body size of the two selected duckw(>eds. In the months of 
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July, August and September, the precipitation recharged the waterbody. 
The size of waterbody remained adequately maintained until 
November. The increase in population of the selected duckweeds in the 
months of February and March seems to be related with the increase in 
nutrient concentration due to drying of waterbody. The results of the 
later experim(mts with varying concentration of NPK (Tables 9,16, 23A, 
23B, 30A, 30B, 31 to 42) are compelling and supportive. The 
productivity was highest in the month of February. In this month, the 
atmospheric temperature also decreased. The growth and productivity 
of phytoplankton have been found to be limited by irradiance and 
temperature during the summer season (Morishita et ai, 2001). The 
algal primary productivity was found related with the nutrient 
concentration in Kasumigaura Lake of Japan and showed seasonal 
variation in j^articulate matter in some parts of this lake (Ebise, 1988). 
The seasonal variation in phytoplankton biomass and environmental 
factors were found to be correlated in a water reservoir influenced by 
rainfall (Shin, 2003). The monsoon seasonality was the forcing factor in 
regulating functions and processes of the waterbody (An et al., 2003). In 
the present study, the high precipitation was observed in the months of 
July and August following January, The fluctuations in the thermal 
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regimes, mixing alterations in smaller depths and underwater light 
conditions as well as nutrient concentrations caused variations in the 
seasonal dynamics of phytoplanktons, diatoms and algae in varying 
months (Christensen et al., 1990). But in the present study, the selected 
duckweeds ar(2 floating macrophytes and therefore the temperature and 
nutrient availability might have played more effective role than 
irradiance. The high productivity of L. minor and S. polynhiza in the 
month of February may have been directly influenced by atmospheric 
temperature v^hich varied between 9.8 to 23"C. The high temperature in 
summer months (April to June) has not been feasibly conducive for the 
growth of selected duckweeds. The pH in high productive months 
(July, August, February) ranged between 7.1 and 7.6 and turbidity 
between 18 ar.d 22 NTU. 
The data summarized in Table 2 show relative proportion of two 
duckweeds ir. a fixed quadrat (25x10 cm2), water characteristics of the 
pond as well as meteorological factors viz. rainfall, temperature and 
wind velocit)' at monthly intervals. It is evident from the data that 
average temperature, average wind velocity, adequate rainfall, average 
NPK content and average or low turbidity were conducive for the 
growth and development of the two selected duckweeds. The charging 
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of waterbody with rainwater had also been an important factor as the 
precipitation beyond 10 mm promoted the growth of the two 
duckweeds in the same or in the following month. It appears that the 
nutrients are washed down in the pond from its catchment areas 
through the rainwater. But the consistent rain in the months of August 
and September initially diluted the available concentration of nutrients 
due to excessive increase in the size of the waterbody. High quantity of 
downpour in the month of August carried feasibly diluted nutrients. 
The overall c<Dncentration of the nutrients increased only after water 
loss. Moreover, the use of fertilizers in August was minimized in the 
horticulture nursery (located in its catchment). The nutrients were 
usually appli(;d in the months of September and October. The high 
nutrient contents have been found to promote primary productivity in 
eutrophic waters (Likens et al,, 1977). The phytoplankton growth, 
productivity c,nd biomass during summer were found directly related 
with the temperature (Morishita et al, 2001). The wind induced 
advection of phosphorus (released from sediments) affected the 
biological activity (Padisak, 1980; Miyata and Hattori, 1986). The data of 
Table 2 clearly show higher nutrient concentration in the month of 
January which consistently increased until the month of June. The 
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higher atmospheric temperature increased evaporation, transpiration 
and percolati(3n rate of water in the pond. Negligible rainfall in these 
months did not adequately increase the size of the waterbody. The 
initial increase in NPK in the months of January, February and March 
promoted the; growth of duckweeds. The higher temperature, high 
turbidity, higlier NPK and higher amounts of total dissolved salts in the 
months of April, May and June adversely affected the population of the 
duckweeds (?lates 11 to 16). The phytoplankton standing crop was 
highly correlcited with nutrient loading in an experimental pond (Aizak 
et al, 1986). Continuous nutrient input increased the algal productivity 
in a lake (Ebise, 1988). The water quality of a reservoir was found 
highly influ(?nced by rainfall, however, turbidity of water was 
anthropogenically influenced (Shin, 2003). The monsoon was a forcing 
factor in the regulation of the functions and processes of waterbody (An 
et al, 2003). The variation in the dynamics of various duckweeds in the 
selected pond may have been related with prevalent atmospheric 
factors. Diffe::ent groups of aquatic flora had a season specific maxima 
and minima (Temponeras et al, 2000). In a waterbody, the nutrient 
concentratior. fluctuates with the growth of algae, rainfall and winds. 
The eutrophic conditions may vary with space and time (Friligos, 1989). 
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The anthropogenic increase in water level influenced water quality 
(Gorniak and Piekarski, 2002). The change in salinity has been found 
directly related with upwelling down welling .events and runoff. The 
nutrient concentrations also varied with season (Miyata and Hattori, 
1986). However, in contrary to the findings of Miyata and Mattori 
(1986), the cycling of nutrients was not found related with the advection 
and water column processes (Nogueira et ah, 1997). But the nutrient 
concentration was related with season (Nogueira et al., 1997). 
The results of the responses of Lciitim minor to varying 
concentration of urea, single super phosphate and potash (singly and in 
combination) are summarized in Table 3 to Table 9. These experiments 
were conducted in small pots to work out the effect of commonly used 
fertilizers on the population growth of L. minor in homogenous 
environment. These three fertilizers are the major source of nutrients in 
the catchment area of the selected rainfed "Lai Diggi Pond". From the 
data, it is evident that even diluted concentrations of the three nutrients 
promote the population growth of L. minor. The urea (N-source) was 
more effectiv(; in promoting the population growth. The combination of 
urea and SSP or other combinations (specifically the combination of all 
the three fertilizers) increased the population growth to a relatively 
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greater extent. On treatment with single fertilizers, the population 
growth of L minor treated with urea and SSP was almost similar except 
in response to the ratio proportionate to the year 1961-62 (Table 3 and 
4). It appears that both the fertilizers promoted the population growth 
of L. minor independently but in combination of the two fertilizers 
namely urea and SSP (Table 6), the population growth of L. minor 
appeared to liave been limited in response to the relative combination 
of the year 1961-62. A glance on the Table B and C indicates that the 
ratio of urea and SSP used in 1961-62 was in proportion of 18 :4 as 
against the proportion of the two nutrients with variation in relatively 
narrower range in remaining years. It is evident from the data of 
1961-62 (Table 3-6) that the phosphorus was limiting for the population 
growth of L. minor. It is reported that long-term land applications of 
phosphorus as fertilizer resulted into elevated levels of soil P, which in 
turn affected the P sensitive waterbodies adversely (Daniel et al., 1998). 
The application of urea and SSP together have increased the 
phytoplankton growth in pond water more effectively than with any 
other phosphate source alone (Sarkar, 1991). The phosphorus has been 
reported to be a limiting nutrient for many freshwater ecosystems 
(Murdoch e- al, 2005). The phosphorus is the major cause for 
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eutrophication (Hammer, 1986; Sharpley, 1999). It is reported that 
excess nitroge^n application beyond the assimilatory capacity of ponci 
can alter the water quality (Hargreaves, 1998). The Law of Minimum 
appeared to have been operative in limiting the growth of L. minor by a 
single resource when urea or SSP was used alone. However, Multiple 
Limiting Hyj^otheses (MLH) seems to have been operative in the 
optimum response of L. minor resulting out of balancing resource, cost 
and benefits (Gerardo et al., 2003). Feasibly all resources limited the 
plant growth simultaneously as evident from the growth responses of L. 
minor to varying combinations of NPK in the present study (Table 3-9, 
Table 31). However, the results of the present study (with homogenous 
environment) are not attributable to the response of L. ]\iinor in 
heterotrophic ecosystems. However, the two parameters (varying 
nutrient ratio and growth response of L. minor) are easier to quantify 
and may be used for larger waterbodies in water resource management. 
The nutrients and chlorophyll-n have also been suggested to be the 
simple parameters for similar use (Parinet et al, 2004). The increased 
growth of L. minor in response to varying combinations of NPK proved 
to be useful in removing N and P from nutrient enriched water as also 
reported earlier (Smith et al, 2004). The NPK in tapwater was present in 
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the ratio of 5 : 2:40 and after the treatment, the NPK ratio in water 
changed to 5 :4 : 90. The N appeared to be limiting in clear tapwater 
and the population growth of Spirodela pohjrrhiza did not show as high 
increase as en addition of N source (urea), hi 1961-62 ratios, the 
proportion of urea (nitrogen) was higher than in later years. The growth 
of S. pohjrrhiza on treatment with urea in proportion to the consumption 
rate of 1961-62 was higher. On addition of SSP in the consumption 
ratios from 1970-71 onwards, the population growth of 5. poh/rrliiza 
recorded noticeable increase irrespective of limiting N. Addition of 
potash also increased the population growth of S. pohjrrhiza in 
proportion tci the consumption ratio (Table 10-12). On combination of 
urea and SSP as per the consumption ratio of varying years, the 
population growth of S. pohjrrhiza recorded an increase in response to 
the ratios of 1970-71 onwards. Phosphorus in the NPK consumption 
ratio proved to be limiting for the population growth of S. pohjrrhiza 
(Table 13 and Table C). The response of the combination of SSP and 
potash (Table 14) resembled with the response of combination of urea 
and SSP (Table 13). It indicates that N is also limiting for the population 
growth of S. pohjrrhiza. Urea and potash combination of 1970-71 - 1990-
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91 were the most growth effective combinations and established that P 
and N were ILniting nutrient for the growth of S. polyrrhiza (Table 15). 
From the dry weight of Lemna minor treated with urea, SSP and 
potash (Table 17A & B, 18A & B, 19A & B), it is evident that addition of 
urea accounted for larger proportion of dry weight increase. This 
indicates that N was limiting for the dry weight and the phosphorus for 
the population growth (Table 6 and Table C). 
From the data given in Table 23A and B, it is evident that urea, 
SSP and potash promoted the dry weight accumulation in Lemna minor 
and urea alone in Spirodda polyrrhiza (Table 24A and B). The increase in 
dry weight caused by SSP and potash have also been considerable in S, 
polyrrhiza (Table 25A and B, Table 26A and B) but the combination of 
NPK did not increase the dry weight of S. polyrrhiza as much as in L. 
minor (Table 23A and B, Table 30A and B). It indicates that L. minor is 
more sensiti^^e to the NPK combination. The abundant population 
growth and (iry weight observed in the "Lai Diggi Pond" may have 
been a manif(?station of NPK input from its western catchment. The dry 
weight of whole plant requires larger proportion of N and population 
growth (wh(!ther vegetatively or by reproduction) requires larger 
quantity of pliosphorus for the multiplication of DNA. Therefore, the N 
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limiting reduc:ed the production of proteinaceous dry weight of selected 
duckweeds in the present study. 
The pot experiments showed that during eleven days of lifespan, 
the populatiDn growth of Lemna minor and Spirodela polyrrluzn 
consistently increased and dried out afterwards. In larger water bodies, 
the continuous increase in the density of the two selected duckweeds 
during 1-2 months growth period might have also followed by 
subsequent death in large proportions. The fast death rate might have 
resulted in tJie formation of a dry layer of duckweeds on the water 
surface and ultimately its deposition on the bottom (Table 31 and 37) 
and in turn e.ffected the water quality. The alterations in the turbidity, 
pH and DO (Table 36 and 42) in both the experimental pots proved that 
growth, deatii and decay in addition to nutrient input affected the water 
quality of the' pond in varying months. 
The chlorophyll-fl in Lemna minor appeared to be more sensitive 
parameter to NPK input (Table 34) but in Spirodela polyrrhiza, the 
chlorophyll-/' appeared to be more or as highly sensitive as chlorophyll-
a (Table 40). From Table 33 and 39, it is evident that uptake of N was 
relatively hig^her in both duckweeds in response to treatment with NPK 
as compared to uptake of P. In response to the NPK ratio of 2000-01, the 
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uptake of P in both the species was higher than the uptake of N. It 
further indicai:es that N was limiting in 1990-91 and 2000-01 while P 
was limiting for both the species in response to the NPK ratio of 
1961-62. 
It is evident from Table 43 that population growth and dry 
weight of Spirodela polyrrhiza was not stable after seventh day but Lemna 
minor continut^d to multiply and increased its number upto eleventh 
day. Although, the population growth and dry weight of both the 
duckweeds reiiuced marginally when treated together (Table 43, Table 
44A and B). Tlie nutrient input increased N and K uptake against each 
unit uptake ol P in both the species when treated together (Table 45). 
The chlorophyll content in both the duckweeds (treated together) 
increased in I'esponse to NPK treatment proportionate to all years 
except 1961-62 (Table 46). It may be related with higher ratios of 
fertilizer consrimption. 
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Summary 
SUMMARY 
In the present work, the seasonal dynamics of two selected 
floating aquatic plants namely Lemna minor and Spirodda polyrrhiza have 
been studied as the indicator of eutrophication in response to nutrient 
enrichment of a selected pond. The Lai Diggi Pond located near the 
southern side of main University Campus (AMU) was selected for the 
present study. This pond is rainfed and has a horticulture park of U.P. 
Government as its main catchment. The nutrient enrichment in this 
pond is mainly caused by the unloading of its catchment area spread 
over several hectares. The nutrient enrichment takes place during 
monsoon season. But despite nutrient unloading; through washout in 
monsoon, the size of the water body also swells several times and thus 
the concentration remains low. The pond has a relatively porous bottom 
and, therefore the water percolates down and a part is evaporated. This 
results into CDnsistent decrease in the total size of water body. The 
water body shows occasional minor increase or decrease with 
occasional rains in post monsoon seasons. However, during next few 
months after monsoon, the size of water body usually decreases to a 
noticeable extent and in turn, the nutrient concentration increases 
considerably. The two selected duckweeds are known to be good 
indicators of eiutrophication state and therefore, their seasonal dynamics 
including population, productivity together with prevailing water 
qualities (selected parameters) were studied at monthly intervals. The 
qualitative and quantitative changes in the growth of two selected 
duckweeds were also studied. The studies showed interesting results in 
varying months. The growth of selected duckweeds and some other 
aquatic plants showed seasonal variation in their response. In the said 
horticulture ]:)ark (called as Jawahar Park) the three major nutrients 
(urea as nitrogen source, single super phosphate or SSP as phosphorus 
source and potash as source of potassium) are used as fertilizers for 
nurseries, orchards and lawns etc. The combination of the three 
nutrients in A^arying proportions promote the plant growth to varying 
degrees. The three nutrients in the present study (used in varying 
concentrations) have been noted to influence the population growth of 
duckweeds either adversely or favourably depending upon the 
prevailing ahnospheric factors. 
The experiments were conducted in small earthen pots of 19 L 
capacity (containing 15 L of nutrient solution) and in small polyvinyl 
cups to study the degree of variation in the responses of two selected 
duckweeds tD varying proportiojis of the three nutrients (in quDniii'ics 
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and proportion of their use and application). 
The experiments conducted in small polyvinyl cups revealed a 
direct relationship with the nutrient concentration used in varying 
proportions corresponding to the ratio of the utilization of three major 
nutrients in varying years (1961-2001). This screening experiment 
revealed that :hc selected duckweeds were sensitive to NPK and varied 
in response in accordance with the concentrations and proportions of 
NPK. 
The seasonal dynamics of selected duckweeds including their 
population, fresh and dry weight and net primary productivity showed 
significant responses with the size of water body and to some extent 
with the wind velocity rather than rainfall alone. In confonnily with Ihe 
earlier observations in shallow water bodies (Padisak, 1980), the wind 
speed as recoi'ded in the present study may has induced the mixing of 
upper and lower layers of the water of the selected pond and altered the 
water quality seasonally irrespective of the amounts of the nutrients 
received by tfie water body during monsoon season. The hot summer 
season reduced the population of duckweeds. The high temperature 
may also has released the phosphorus bound in the sediments. The 
seasonal removal of Typha angustata from the water body, resulted into 
phytoremediadon (nutrient removal). However, high turbidity in the 
selected pond was feasibly the long term impact of successional change 
in the watei body. The seasonal variation in the growth and 
productivity of two selected duckweeds and the selected water 
characteristics like pH, salinity and turbidity were related with the 
seasonal variation in the temperature, rainfall, wind speed and 
anthropogenic activities like seasonal removal of Typlm angiistatn and 
raising of bouiidaries around the selected water body. 
The observations revealed that wind induced advections, water 
and nutrient input during monsoon, temperature, turbidity, pH and 
size of water body were the forcing factors in the regulations of the 
functions and processes of the water body causing season specific 
maxima and minima of the selected duckweeds. The laboratory 
observations proved that varying nutrient concentrations and variations 
in the proportions of NPK as well as age of duckweeds were the other 
factors which feasibly have modified the responses. The laboratory 
experiments indicated that application of anyone of the nutrients 
beyond the afisimilatory capacity of the flora of selected pond might 
have altered tlie water quality in varying seasons. However, the results 
of the experiments conducted in homogenous environment in a limited 
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volume of water are not directly attributable to the responses of 
duckweeds of the heterotrophic environment of the pond. But indicated 
that consistent change in the quantity and proportions of NPK used in 
varying years had affected the water body on one hand and consistent 
removal of Typlin niigustntn maintained the Nl'K content within a 
narrow range. 
The varying proportions of N : P: K resulted into variations in 
growth responses of the selected duckweeds uncier similar homogenous 
but limited water environment. The phosphorus and nitrogen proved to 
be limiting nutrients as evident from the treatments of duckweeds with 
varying proportions of NPK. The other interesting responses noted 
were the role of nitrogen in limiting the dry weight and phosphorus in 
limiting the population growth of Lciinin minor. The nitrogen is llie iiuun 
constituent of protein and limiting N may have ultimately reduced the 
dry weight accumulation. The phosphorus is the main constituent of 
RNA and DNA and therefore, the limiting P might have reduced 
reproductive activity (DNA and RNA synthesis). 
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